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OTOR CAR SPRINGS, 

because they are capable of 
being compressed, keep the bumps 
from kicking the car body and 
passengers, and Stabilators then 
keep the compressed springs from 
kicking the car body and 


passengers. 


Stabilators control this spring 
kick or recoil in proportion to the 
force of the recoil. As this force 
may be anything from 1 pound to 
1000 or 2000 pounds, depending 
upon how far the spring has been 
compressed by the bump, the 
necessity for proportional control 
is quite evident. 
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The Chicago Service Meeting 


HE annual Chicago Meeting of the Society will be 
held Jan. 31, 1923, during Show Week. Auto- 
motive service will be the dominant topic at the 


technical sessions and the dinner. This meeting will be 


especially valuable to factory and dealer service-man- 
agers and operators of large fleets of vehicles. Further 
details will be found on p. 552. : 


The Production Men 
PV so are many members of the Society who 


should be “past masters” in production. There 
are wonderful brains behind some of the factories 
that are in production in a large way. These men have 
very superior knowledge. I hope that the best produc- 
tion men in the United States will tell the Society what 
should be done along production lines—Charles W. Nash. 


Standardization 


TANDARDIZATION by one firm to suit its particu- 

lar purposes and convenience is a simple affair and 

a quick process. Industrial standardization re- 
quires that the needs of industry be unified with the least 
possible disturbance. Recommendations and conclusions 
must be sound and economical and conform generally to 
the practice of the manufacturer, as well as meet the 
requirements of the buyer. Otherwise nothing but fail- 
ure can result.—D. R. MacDonald. 


The Annial Meeting 


HE Annual Meeting of the Society will be held in 
| New York City, Jan. 9 to 12, 1923, during the 
week of the National Automobile Show. A num- 
ber of technical sessions, the Annual Business Meeting 
and the Standards Committee Meeting will be conducted 
during this period in the Engineering Societies Building. 
The Annual Dinner has been set for the evening of Jan. 
11 at the Hotel Pennsylvania. Tentative details of the 
program and a dinner reservation blank are given on p. 
551. A Meetings Bulletin will reach the members about 
Dec. 15 with the complete and final announcement. 


Future Standardization Work 


N p. 555 of this issue will be found a resume of 
() the work of the Standards Committee for 1922 
and a list of subjects that will be considered dur- 
ing the coming year. In the majority of instances Sub- 
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divisions are appointed to formulate tentative recommen- 
dations covering subjects assigned to the various Divi- 
sions of the Standards Committee. Non-members of the 
Standards Committee, as well as non-members of the So- 
ciety, are serving on these Subdivisions as it is the pur- 
pose of the Society to have all interests represented in 
the standardization work carried on by it for the auto- 
motive industries. Anyone interested in particular sub- 
jects is at all times invited to communicate with the Sub- 
divisions through the Society in order that assistance 


may be rendered while the work is in the formative 
period. 


Oil-Pumping 


HERE are many contributory causes of the service 
trouble familiarly known as oil-pumping. Any 


one, several or all of them may result in excessive 
passage of oil to the combustion-chamber. Piston design 
and clearance, ring width and form, crankshaft oil-hole 
location, oil-pressure intensity and many other factors 
affecting this bugbear of the service-man are discussed 
in this issue of THE JOURNAL. The volume of experience 
related by the several engineers is evidence of a general 
and diligent study of the problem. Numerous remedies 
are suggested but it is noteworthy that no single solution 
is agreed upon. Apparently oil-pumping can be fore- 
stalled only by careful elimination of all the contributory 
causes, by a combination of refined design, selected clear- 
ances and good workmanship. The effect of wear can be 
anticipated in the original design so that conditions 
causing oil-pumping will not develop or can be easily con- 
trolled in service. Read the matter on p. 491. 


Potential Profits 


N p. 529 of this issue will be found the various 
recommendations of the Divisions of the Stand- 


ards Committee that will be acted upon at the 
Annual Meeting in January. Each of these recommenda- 
tions represents a potential saving or profit that can be 
realized only through the actual adoption of it in future 
automotive practice. 

There is no question that a standard which meets the 
approval of the qualified engineers of the industries af- 
fected will be adopted as changes in design and pro- 
duction permit. 

Each Society member should therefore see that the rec- 
ommendations of the Divisions are referred to the engi- 
















































= ATC 


Ee 


December, 1922 


462 THE JOURNAL OF THE SOCIETY OF AUTOMOTIVE ENGINEERS 


neering and production departments of his company in 
order that any desirable changes in the recommendations 
may be considered at the Annual Meeting. The respon- 
sibility of approving these recommendations rests with 
every qualified member of the Society who should, if pos- 
sible, attend the meeting of the Standards Committee on 
Jan. 9, and participate in the discussion, or e'se submit 
comments in writing. 

Only a small amount of time and expense is thus re- 
quired of an individual member to make possible a po- 
tential saving of hundreds of thousands of dollars. 


1923 Roster 

LARGE volume of detail work is involved in the 

preparation annually of the Membership Roster. 

The first step is the recording of changes of posi- 
tion and address of members. The members are urged 
strongly to return promptly, properly filled-in, the blanks 
that have been sent them this month, whether or not 
their address or position has changed recent!y. To pro- 
duce a satisfactory printed roster, adequate cooperation 
of the members is essential. 

The classification printed on the back of the blank sent 
to the members is an important feature, and every mem- 
ber is earnestly asked to supply thereon the information 
called for. About one-half of the members have returned 
similar blanks sent out in September. No additional 
classification forms will be mailed to the members prior 
to the issuance of the 1923 Roster. 

It has been directed by the Council that the Roster be 
sent to only those members who request copies of it in 
advance of printing. A very small surplus stock is car- 
ried at the Society offices, and a charge of 50 cents per 
copy will be made for Rosters ordered by members after 
Feb. 15. Such orders will be filled until the supply is ex- 
hausted. 

It is expected that the 1923 Roster will be issued early 
next spring. 


S. A. E. Employment Service 

HE scope of the Employment Service mailing list 

has been extended to include approximately 1000 

employers engaged in different fields of the auto- 
motive industry, including those of the passenger-car, 
motor-truck, bus, tractor, motorcycle, cab, aircraft, 
motorboat, engine, body-building, and miscellaneous 
parts. Better results are being obtained in the service 
at less expense. 

By the use of a selector addressing-machine it is pos- 
sible to address quickly Men Available notices to pros- 
pective employers in any one or more of the fields men- 
tioned. When a member registers for employment he is 
requested to designate the types of employer to whom 
he wishes notice of his availability sent. The bulletin 
in which his notice is printed is sent only to those in the 
classes specified by him. Also, the list of men available 
has been classified so that, when there is an opening in 
any given line of work, only those members who are 
apparently qualified to fill it are notified. 

During the last half-year the Society has, it is definitely 
known, been instrumental in securing for 86 members 
positions as draftsmen, engineers, chief engineers, body 
designers, factory managers, sales managers, salesmen, 
production managers and general managers. It is be- 
lieved that many others have secured positions either 


directly or indirectly through the S.A.E. Employment 
Service. 


Aluminum Connecting-Rods 

HE aluminum-alloy piston is rapidly gaining 

ground as standard equipment in passenger-car 

engines. It is apparent that the serious troubles 
encountered with the first aluminum pistons have been 
overcome. Radical changes have been effected in piston 
design; the alloys have reached a higher stage of de- 
velopment; special heat-treatment is producing a hard- 
ness approaching that’of cast iron. This persistent de- 
velopment, in the face of the condemnatory experience 
of the pioneer users, has been stimulated by one funda- 
mental consideration, namely, the inherent advantage of 
decreasing reciprocating weight in high-speed engines. 
The success achieved by the aluminum piston and the 
resulting improvement in the performance of engines 
equipped with it have led logically to the production of 
lighter connecting-rods. 

One or two car companies are now using aluminum- 
alloy connecting-rods in their production models. The 
commercial practicability of forged aluminum connecting- 
rods is being studied to-day by many engine designers. 
The current interest in this latest progression of auto- 
motive design lends significance to the publication of the 
paper by L. H. Pomeroy on page 508 of this issue of 
THE JOURNAL. In it will be found a careful treatment 
of the fundamental reasons underlying the advantages 
of the forged-aluminum connecting-rod. Valuable recom- 
mendations and data relating to design are presented. 


S. A. E. Handbooks 
EMBERS have probably found that since the in- 
sertion of the August 1922 issue of data sheets, 
their S.A.E. HANDBOOKS are rather larger than 
is convenient for use with 1-in.-ring leather binders, for 
the August issue has brought the total number of data 
sheets up to 188 which is really more than can be con- 
veniently used in the standard binder. 

If members desire to break their S.A.E. HANDBOOKS 
into two parts, this can be done readily by transferring 
Sections D to K inclusive to another binder, the first 
binder then being marked, ‘“‘Vol. I, Sections A to C,” and 
the second, “Vol. I, Sections D to K.” Additional binders 
stamped in this way can be obtained from the Society 
at $4 each. If the first binder used is returned when the 
second is ordered, the letters indicating the Sections it is 
to contain will be stamped on it. 

It should be borne in mind also that the Contents are 
arranged so as to aid members in limiting their S.A.E. 
HANDBOOK to only those pages that are of particular in- 
terest to them respectively, the standards being classified 
according to the automotive industries to which they 
apply by a system of key letters. Members interested, for 
instance, in only tractor engineering may want to retain 
in their books only those standards which are followed 
by the letter T in the Contents. The standards in the 
S.A.E. HANDBOOK may therefore be considered as being 
classified in the Contents in two ways; by parts and ma- 
terials, such as powerplant and electrical equipment, the 
classifications being denoted by letters prefixed to the 
page numbers; and by automotive industries, the indus- 
tries being denoted by letters appearing in the right- 
hand column in the Contents. 
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Ford Engine-Cylinder Production 


By P. E. Haauunp! 


Detroit Propuction Mretinc PAPER 


HE authors state the principles governing intensive 

quantity-production and describe the sources and 
methods of handling the basic materials that compose 
the Ford engine-cylinder. The fundamental plan of the 
River Rouge plant is outlined, illustrations being used 
to supplement the text that explains the reasons gov- 
erning the location of the various units of the plant. 
Details are given of the use made of conveyors with 
the idea of keeping everything moving. 

The relation of the blast furnace and coke ovens to 
the engine cylinder are commented upon, the power- 
house and foundry are described, and the production of 
the cylinder is set forth step by step. 


HE Ford Motor Co. began making its own cylin- 
der-block in 1907, accepting the men and methods 
of the day. Its foundry at that time was located 

at Romeo, Mich., 60 to 70 miles north of Detroit. The 


AND I. 


B. ScorlELp! 


Illustrated with PHoroGRAPHS AND DIAGRAMS 


working conditions would be unbearable because of the 
intense smoke and gas escaping from the molds. This 
immense foundry production represents the ultimate re- 
sult of applying Mr. Ford’s ideal of producing at the 
minimum cost. 

To market cars in such unusual quantities, it was evi- 
dent that automobiles had to be produced at a lower 
figure. This could not be done by lowering the men’s 
wages and driving them, but had to be done by improving 
manufacturing methods. With this idea in mind, every 
economy was effected. First, the work and the material 
were brought directly to the men, thus minimizing waste- 
ful transportation of material from one part of the shop 
to another. This was a severe blow at high labor cost, 
which is the principal item in manufacturing costs. 

The next step, and the most difficult one, was to de- 
crease the cost of the materials used. It demanded that 





Fic. 1 


Dock AT WHICH THE ORE, COAL AND LIMESTONE REQUIRED IN THE PRODUCTION OF THE ForRD 


ENGINE CYLINDERS ARE UNLOADED 


design of the cylinder-block has changed somewhat from 
the one then produced, but it will suffice, for a rough 
comparison, in contrasting the results of the old methods 
with those resulting from a greatly increased production. 

In 1908, we cast 50 cylinders per day; now we are pro- 
ducing 8000 cylinders in 16 hr. This greatly increased 
production is possible only with modern methods in 
which the conveyor plays the most important part. If 
you are in the least acquainted with foundry work, try 
to imagine what it would mean to cast 8000 cylinders on 
the floor by the old methods. This would seem nearly 
impossible, especially from the standpoint of the iron- 
handling problem. It would require acres of ground, the 
labor cost would be multiplied four or five times and 


1Production department, Ford Motor Co., Detroit. 
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the manufacturer have control over the raw materials 
from nature’s source of supply to the finished product. 
Although this could not be accomplished at once, progress 
has been made in the right direction. 


BASIC MATERIALS 


The natural sources from which the automobile is de- 
rived are principally iron ore and coal. The engine cylin- 
der is roughly 95.0 per cent iron and 3.5 per cent carbon 
from the coal. The remaining elements of its composi- 
tion are also derived from the ore, with the exception 
of possibly some sulphur from the coke used. 

As yet, the Ford company does not mine all its iron 
ore, but a good portion of it comes from the Fcrd- 
Imperial mine, in the upper peninsula of Michigan. li is 
loaded into railroad cars, transported to a Lake port and 
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Fic. 2—THe RAwW-MATERIAL STORAGE BINS HAVE A CAPACITY OF 
BRIDGES 


conveyed directly to the blast furnace by a water route, 
the most economical means of transportation at present. 
The coal is mined in the Ford mines in Kentucky. It is 
then transported by rail and boat, or direct by rail, to 
the coke ovens and blast furnace at the River Rouge 
plant. 

Fig. 1 shows the unloading docks to which the ore, coal 
and limestone-laden boats are moored upon arrival at the 
River Rouge plant. Two Hulett ore-unloaders are shown 
at the left, and a Mead-Morrison coal-unloader at the 
right. These huge machines transfer the raw materials 
direct to the storage bins behind them. The bins, illus- 
trated in Fig. 2, have a storage capacity of 2,000,000 
tons, and are traversed by two transfer bridges each 550 
ft. long. These transfer bridges, one of which is shown 
clearly in Fig. 2, transport to the various plant units coal, 
ore and limestone as they are needed. 

Both ore and coal are brought to their destination with 
the minimum amount of loading, reloading or handling. 
This system also effects a considerable economy by elim- 
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Fic. 5—A GENERAL VIEW OF THE COKE OVENS AND 
PLANT 


THE CHEMICAL 


inating the profits of dealers, brokers and middlemen, 
one of our great present-day economic wastes. 


BLAST FURNACE AND COKE OVENS 


It might be well at this point to describe briefly the 
fundamental or general plan upon which the layout of 
this immense plant is based, indicating the results at- 
tained by the proper grouping of the units. The basic 
idea is to connect, with conveyors, each of the important 
units of the manufacturing plant, thus eliminating rail 
or truck transportation from one unit to another. To do 
this the units had to be built as close together as possible. 

Fig. 3 shows clearly the relation of the units described 
in this paper. Iron ore and limestone are transferred to 
the blast-furnace skip-cars at A, where they are weighed 
and loaded directly into the furnace. Coal is transferred 
from the storage bins to the hoppers B and thence by 
mechanical conveyor through the breaker and mixer 
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buildings to the coke-oven coal-bin. Coal arriving by 
rail is unloaded by the car dumper at C and conveyed 
through the same breaker and mixer buildings to the 
coke-oven coal-bins. The coke is mechanically conveyed 
from the coke bin D to the coke and screen station E, 
there it is graded and distributed by mechanical con- 
veyor to the blast furnace, to the foundry and to storage. 
The finer coal is pulverized in building E and piped direct 
to the powerhouse. 

The powerhouse is located in the center of all of the 
important units; namely, the coke ovens, blast furnaces 
and foundry. This is done for the double purpose of 
placing the boilers close to the sources of by-product heat- 
energy, and locating the electric generators near the 
units consuming electric current. The arrangement of 





Fic. 6—-Virw TAKEN ON ToP OF THE COKE OVENS SHOWING THE 


ELECTRIC CHARGING-CAR 





Fic. 7—THE SIDE OF A BATTERY OF COKE OVENS 


The Gas Mains That Convey the Gas from the Ovens to the By-Products Plant Can Be Seen Running 
along the Top of the Ovens and across the Roadway. The Car in the Center Carries a Plunger That 


Is Used To Push the Coke out of the Oven 
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Fic. 8—-ONE OF THE BLAST FURNACES THAT PRODUCES 500 ToNSs OF 
TRON DAILY 


the buildings around the powerhouse will be seen to be 
justified by the eventual production of casting at a mini- 
mum price. 

To obtain coke of the proper size and quality at the 
lowest cost, transportation expense had first to be de- 
creased and the by-products of the coal and blast fur- 
nace, which are wasted ordinarily, had to be utilized. 
Coke is necessary to run the blast furnace and also the 
foundry cupolas. Since it usually costs the same or 
slightly more than coal, we buy the coal instead and reap 
the benefit of the by-products. Fig. 4 shows in diagram- 
matic form the disposition of the by-products. One ton 
of coal will produce approximately 0.75 ton of coke, 10,500 
cu. ft. of gas, 8.5 gal. of tar, 25 to 30 lb. of ammonium 
sulphate and 2 gal. of light oil for the manufacture of 
motor fuel. From this the relative value of 1 ton of coal 
and 1 ton of coke is readily seen. 

Of the gas lowest in by-products and heat value, 44 per 
cent is burned under the coke ovens; the remaining 56 





Fic. 9—BaASsP OF A BLAST FURNACE SHOWING THE STREAM OF MOLTEN 
IRON FLOWING TO THE LADLE THAT CONVEYS IT TO THE FOUNDRY 
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per cent is used in the heating furnaces around the Ford 
plants in the Detroit district, any surplus during light- 
load periods being turned into the Detroit city mains. 
The tar is used in heat-treating furnaces and under the 
boilers in the powerhouse. Ammonium sulphate is sold 
as fertilizer, and the light oil is mixed with gasoline and 
sold as motor benzol, 10,000 gal. of benzol being produced 
daily. The economy effected by operating one’s own coke 
ovens is readily seen. At present there are 120 Semet- 
Solvay coke-ovens in operation; they use about 2000 tons 
of coal per day. 

A general view of the coke-ovens and chemical plant is 
given in Fig. 5. The ovens themselves will be noted at 
the left with the coal-storage bin in the center, an in- 
clined conveyor rising into its peak from the mixing 
building. The benzol plant is shown at the right. Fig. 6 


is a view taken on top of the coke ovens and shows the 
electric charging-car that transfers a load of 16 tons of 
pulverized coal into the four openings at the top of each 
oven as it requires filling. 


The riser pipes seen at the 





Fic. 10—THE 80-ToN LADLE THAT TRANSFERS THE MOLTEN IRON 
FROM THE BLAST FURNACES TO THE FOUNDRY DISCHARGING ITs COoN- 
TENTS INTO A FOUNDRY LADLE 


left collect the gases from each oven and feed them into 
the mains. 

The side of one block of coke-ovens is illustrated in 
Fig. 7. The gas mains run along the top of the ovens 
and thence across the roadway to the pump-house and the 
by-products plant. The car shown in the center of the 
picture travels parallel to the ovens and carries a large 
plunger on the inner end of a deep I-beam. This plunger 
is pushed through each oven when the coking operation is 
completed, and the incandescent coke is discharged into 
an electric hopper-car on the opposite side of the oven. 
The hot coke is quenched and dumped into the coke bins, 
from which it is carried by mechanical conveyors to the 
coke and screen station for screening into blast-furnace, 
foundry and domestic sizes and distribution to other 
parts of the plant. 

Fig. 8 shows one of the blast furnaces, its four air- 
stoves and the high-line or railroad trestle from which all 
material is fed into the skip-car that, in turn, travels up 
the inclined skip-bridge to the charging bell at the top 
of the furnace. There are two furnaces in the present 
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equipment, each having a capacity of 500 tons of metal 
per 24 hr. 

We will consider next the benefits of the situation of 
the blast furnaces. Most people consider a blast furnace 
an instrument for producing pig iron only. Although its 
principal product is iron, its by-products are none the less 
valuable. Note particularly what is produced from a 
given charge: 

Products 
1 ton of iron 
% ton of slag 
6 tons of gas 


Charge 
1 ton of coke 
2 tons of ore 
% ton of limestone 
4 tons of air 


The slag, which has been wasted, will be used very 
soon in the manufacture of cement, much of which will 
be consumed at the Ford plants for construction purposes. 
The gas, although of low heat-value, is a very valuable 
by-product. Nearly half of the blast-furnace gas is re- 
quired for the four air-stoves which heat in turn the air 
blown into the blast-furnace. A part is burned to supply 
the power needed for operating the blowing engines and 
producing the electric power essential to the working of 
furnace skips, transfer cars, cranes and the like. Fifty 
tons of powdered coal and 36,000,000 cu. ft. of gas are 
burned daily under the boilers in the powerhouse, gener- 
ating power for departments of the plant other than the 
blast furnace. This shows clearly the advantage of locat- 
ing the powerhouse very near the blast furnace. 





Fic. 11 POURING MOLTEN IRON FROM A CUPOLA INTO A FOUNDRY 
LADLE THAT IS SUSPENDED FROM AN OVERHEAD MONORAIL SYSTEM 


POWERHOUSE AND FOUNDRY 


The main powerhouse at the Rouge plant will eventually 
be the central power-source for all the Ford industries in 
the Detroit district. Its location at the source of large 
volumes of combustible by-products guarantees the gen- 
eration of electric current at the minimum cost. The 
present equipment consists of four Ladd boilers rated at 
2600 hp. each. They are fitted with a combustion system 
that injects liquid, gaseous or powdered fuel by air pres- 
sure. The amount of fuel is controlled electrically to 
meet the boiler load. Combustion is practically perfect, 
without ash, cinders or smoke. The customary dirt and 
disorder of the average boiler-room form a remarkable 





Fic. 12—ALlL OF THE MATERIAL USED IN THE CoRE Room Is HANDLED 
PROGRESSIVELY BY MECHANICAL CONVEYORS 


contrast with the bright tiled floor and orderliness of 
this plant. 

The electric generating equipment consists of two 
12,500-kw. turbo-generator units. This capacity will 
soon be increased. Three turbo-compressors supply the 
blast for the blast-furnace line, their combined capacity 
reaching 45,000 cu. ft. of air per min. 

The location of the foundry adjacent to the blast fur- 
nace is another basic consideration in the general scheme. 
Up to this time, pig iron has been taken from the furnace 
and cast into so-called pigs. These pigs are supplied to 
foundries and melted in cupolas. It was at this point, 
in the whole process of iron ore to finished cylinder, that 
a considerable saving was seen to be possible. One-half 





Fic. 13—-ONE OF THE CONVEYORS EMPLOYED IN THE CorRE Room 
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2 
Fic. 14—-SETTING THE CORES IN THE DRAG PORTION OF A MOLD As I1 
PASSES ALONG ON A MECHANICAL CONVEYOR To RECEIVE THE COPE 


F 





PORTION 


of the heat generated in the blast furnace is retained in 
the molten iron itself. Mr. Ford believed this heat should 
be conserved. In a foundry where approximately 1400 
tons of iron is melted per day, this item of heat loss is 
a considerable one. 

Through misinformation or misunderstanding, many 
writers have stated repeatedly that the blast-furnace iron 
is cast directly into molds without any additions or spe- 
cial treatment. This is possible; but it is not practicable 
because the iron produced by the modern blast-furnace 





Fic. 15—PourIne THE MOoLps 


contains too much carbon and its analysis is too variable 
for direct casting. To overcome this variation and to 
lower the carbon-content, a process has been adopted in 
the Ford foundry. This process enables us to use the 
foundry scrap and so-called back-stock that amounts to 
approximately 50 per cent of the iron poured into the 
molds. About 30 per cent of the iron poured into the 
Ford cylinder-mold is blast-furnace iron. The remainder 
is tapped from the cupolas and maintained at an analysis 
suitable for bringing the iron in the casting to a compo- 
sition that agrees with our requirements. The percent- 
age of manganese, sulphur and phosphorus is practically 
the same in both cupola and blast-furnace iron, silicon 
being the only element manipulated to make either soft 
or hard iron according to requirements. If an iron of 
2-per cent silicon is required, for example, and the blast 
furnace is producing iron of 4-per cent silicon-content, 
the cupola would be run to produce 1-per cent silicon iron 
to give the desired chemical analysis. 


Fic. 16—AFTER THE Mo_ps HAVE BREN PouRED THEY TRAVEL TO THE 

END OF THE OUTSIDE CONVEYOR WHERE THEY ARE SHIFTED MECHAN- 

ICALLY TO THE CENTER CONVEYOR THAT CARRIES THEM TO THE 
SHAKE-OvUT Room 


Fig. 9 shows the base of a blast furnace from which 
the metal is being drawn. The molten iron flows through 
a channel directly into an 80-ton ladle outside the build- 
ing. The blast-furnace iron is conveyed by rail directly 
to the foundry in this ladle. Here it is tilted to the posi- 
tion shown in Fig. 10 by a gantry crane and discharges 
its contents into a cylindrical container mounted on an 
electrically propelled car. This car takes the iron to a 
point between two batteries of cupolas of four each and 
turns its contents into the foundry ladles hung from a 
monorail running over the cupola spouts and at right 
angles to them. The foundry ladles, after receiving a 
weighed amount of furnace iron, are taken to the cupolas 
to get their portion of cupola iron and then taken to the 
molds to be poured. Fig. 11 shows the foundry cupolas, 
ladle and monorail carriers. Twenty-four cupolas are 
arranged in batteries of eight each and these, with three 
stations for furnace iron, take care of the entire pro- 
duction. 


MAKING THE CYLINDER BLOCK 
The foregoing is intended to show the magnitude and 


efficiency of the system needed to bring the iron to the 
molds at a low cost. Having provided good iron at a 
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minimum cost, additional economies must be effected in 
the molding end. Heretofore, castings have been made 
either in molds on the floor or on benches, from which 
they were transferred to the floor to be poured-off. This 
system was crude and wasteful in addition to being labor- 
ious. The molder was compelled to carry flasks from a 
pile or from the yard, fit his own cores and pour the iron. 
In the Ford foundry every workman has all the materials 
he works with brought directly to him. 

The system or group of conveyors, molding machines 
and the like comprising one unit occupies a space only 
50 x 300 ft. in area. Corerooms are situated between each 
two systems on the same floor-level. The shake-out, 
where the casting is removed from the mold, is at the 
rear of each system. Back of this is a large cleaning- 
room receiving the castings from the entire system. 

The cores are made from new or green sand bonded 
with linseed oil or a mixture containing linseed oil, or 
with burnt or used sand bonded with compounds made 
principally from pitch. The green-sand cores are used 
where they are surrounded by metal, and the burnt-sand 
cores when they are only partially surrounded. All mate- 
rial in the corerooms is handled progressively by con- 
veyors as shown in Figs. 12 and 13. The core-drying 
oven is placed near the center of the coreroom. Cores 
are made at one end of the room, dried in a continuous 





Fic. 17—AFTER THE Moups ArE SHAKEN OUT, THE LOOSE SAND FALLS 
THROUGH A GRATING TO A SUNKEN CONVEYOR 


oven and carried by conveyor from the oven to the stor- 
age space at the opposite end of the room. The cores are 
taken from storage to the molding machines and used as 
required. 

The cylinder is molded on the two outer chains of a 
system of three parallel conveyors. The two outside con- 
veyors travel in the direction of the cupolas, while the 
center one moves in the opposite direction to the clean- 
ing-room. Molding machines are placed on both sides of 
this system. The drag or bottom portion of the mold is 
rammed by hand near the starting point of the outer 
conveyor. Immediately after the drag has been rammed- 
up it is placed on the outside conveyor and, while in 
motion toward the cupola end, the cores are set. Fig. 14 
illustrates this stage of the molding operation. Farther 
on the cope or top half of the mold is rammed-up and 





Fic. 18—APRON CONVEYOR THAT DELIVERS TEMPERED SAND TO THE 
HOPPERS DIRECTLY ABOVE THE MOLDING MACHINES 


placed on the drag. After this the copes and drags are 
clamped together and the runner or basin that receives 
the molten metal is made preparatory to pouring. 
Pouring the molds takes place at the cupola ends of the 
outside conveyors as illustrated in Figs. 15 and 16. After 
being poured, the molds travel to the end of the outside 
conveyor and are shifted mechanically on a series of 
rollers to the center conveyor and started back toward 
the shake-out room. The iron solidifies and the castings 
become partly cool on their passage through the ven- 
tilated tunnel over the center conveyor. This removes a 
large amount of gas and smoke from the foundry. After 





Fic. 19—Hopprers SUPPLYING SAND THatT STILL RETAINS SOME HEAT 
FROM THE PREVIOUS CASTING TO THE MOLDING MACHINES 
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the shake-out, the castings are transferred to a conveyor 
leading to a mezzanine floor and the loose sand drops to 
a sunken conveyor through a grating, as shown in Fig. 
17. Enough new sand is added to the portion passing 
through this grating to replace the sand still adhering to 
the casting. The replenished sand is then automatically 
conveyed through a riddle or beater to break up the lumps 
and also through a mixer. The whole process is mechan- 
ical except the tempering, which is looked after by a man 
whose duty it is to add the required amount of water to 
dampen the sand. After this preparation, the sand is ele- 
vated by an apron conveyor shown in Fig. 18, which 
passes over the supply hoppers directly over the molding 
machines. Sand is drawn from these hoppers, which are 
shown in Fig. 19, through hand-controlled gates as each 
molder requires it. The sand has now completed a cycle 
and is ready for another mold. It is still warm from the 
previous casting. 

The cylinder castings lie on trays until cold enough 
to handle and are then taken to the so-called knock-out 
where the bulk of the core sand is removed. This is 
accomplished at present by using pneumatic chisels, the 
cylinders resting on a grating similar to that on which 
the molds are shaken out. In this case, however, the 
burnt sand, when recovered, is used by the coreroom 
after proper tempering and preparation. 

Cold cylinders, free from the bulk of sand in which 
they were cast, are then loaded on a conveyor which 
transfers them from the mezzanine to the ground floor 
where the tumbling-mills are located. A group of these 
mills is provided for each system. This particular con- 
veyor also passes the cylinders between the tumblers that 
are grouped in two parallel rows. The cylinders are 
transferred by hand into the tumblers. The tumbling 
requires from 2 to 3 hr. The castings are removed from 
the tumblers by rope-hoists, returned to the same con- 
veyor and transported to roller conveyors where the core 
wires are removed. From the roller conveyors, they are 
started on the last operations; these are performed on a 
slat conveyor. A crew of men on either side of this con- 
veyor chip, grind and otherwise clean and prepare the 
cylinder-blocks for inspection. The rejected cylinders 


continue on the slat conveyor to a point farther on, where 
they are checked to determine the cause of rejection, re- 
moved to a truck and taken to the cupola-charging plat- 





Fic. 20—AN EXPERIMENTAL MOLDING MACHINE THAT Is DESIGNED 

To ELIMINATE HAND RAMMING IN WHICH THE SAND IS PACKED BY 

BeinGc THROWN INTO THE MoLp aT A HIGH VELOCITY FROM THE 
PERIPHERY OF A REVOLVING WHEEI 


form. The accepted castings are transferred to another 
slat-conveyor that runs at right angles to the cleaning 
conveyor; thence they pass into the machine-shop. Ma- 
chining commences without delay, since the machine-shop 
is in the building that houses the foundry. 

The Ford cylinder, although simple as compared to 
other cylinders, is the most complex and difficult casting 
in the car. In its molding many troubles come up, which 
are ascribable mostly to its high production. Patterns 
wear rapidly due to abrasion by the sand and rough usage 
by machine-molders. They are being repaired continu- 
ously. The molding-machines also require attention 
nearly every week. The big problem of cylinder produc- 
tion lies in the constituents and usage of the sand and 
the iron. In a machine-shop most operations and mate- 
rials are visible. The same thing is true of the patterns, 
machines and conveyors. A good mechanic who is al- 
ways on the job is all that is required, but in the case 
of both the iron and the sand slight variations are hardly 
noticeable. Nature is not dependable when it comes to 
uniformity. The sand used in both molding and core- 
making is ever-changing. What is right one day as re- 
gards mixtures may be altogether wrong the day fol- 
lowing. Only certain grades of sand can be utilized suc- 
cessfully on a job where production is high and only 
common labor is employed. Sand varies with every dif- 
ferent source of supply and even in the same pit. Ship- 
ments of sand are watched very closely. A certain 
amount of bond and a grain size have been determined 
upon and are adhered to as closely as possible. The sand 
must also be rammed properly. A mold rammed too hard 
or not enough will produce an inferior casting. Cores 
must be maintained at a certain composition; the voids 
between the grains must be sufficient to allow free pas- 
sage of gases. The cores have to be strong enough to 
withstand rough handling and must not be easily destruc- 
tible by the high temperatures of molten or very hot iron. 
No set rule is applied to our sand problems; the make-up 
of a core is modified to meet the difficulties as they arise. 

Iron for the cylinder also requires constant watchful- 
ness. The composition of scrap-iron is never depend- 
able, due to a certain amount of foreign scrap that gets 
into our back-stock. The amount and condition of steel 
in the charge also affect the ultimate product, and the 
composition of coke varies over a considerable range. 
When melting back-stock for mixture with blast-furnace 
iron, we use about 1 part of coke to 6 parts of metal. 
The analysis of iron for the cylinders that is found to 
keep porosity at a minimum and at the same time per- 
mit easy machinability is as follows: 


Silicon, per cent 2.20 
Phosphorus, per cent 0.35 
Sulphur, per cent 0.08 
Carbon, per cent 3.30 
Manganese 0.80 


The process of manufacture as outlined serves us to- 
day, but it is continually being developed to a finer degree 
in accord with the policy of the company. The difficul- 
ties due to the human element have been reduced to a 
minimum and, although there are still some severe work- 
ing conditions on the cylinder line, they are being elim- 
inated one at a time. The hand-ramming probably will 
be replaced by a machine operation, upon which we are 
now experimenting; the cooling of the cylinder will take 
place while the latter is in motion, the present cooling- 
trays being eliminated. The experimental molding-ma- 
chine is shown in Fig. 20. Sand is thrown into the mold 
at a considerable velocity from the periphery of a re- 
volving wheel, and it seems to pack satisfactorily. 
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Fic. 21—GENERAL VIEW OF THE CYLINDER MACHINE SHOP 


MACHINING THE CYLINDER 

The cylinder block, as it comes from the foundry, is 
inspected for any foundry defects before being removed 
from the conveyor. The block is not allowed to touch the 
floor at any time in the actual operation, but moved from 
one machine to another by conveyors that are as nearly 
of the same height as the machines as possible. Two of 
these conveyors are shown in Fig. 21. 

The first step in the machining operation is to locate 
four spots on the upper side of the block. This is done 
in two specially designed machines. The block then goes 
to a standard milling-machine to have the crankcase 
flange milled. After this the six main bearing boltholes, 
which serve as locating points throughout the entire op- 
eration of machining the cylinder block, are drilled and 
reamed. The top or head side of the block and the water- 
connection and the manifold side are next milled in one 
operation. The block is then placed on a four-spindle 
drilling-machine and a rough-cut taken out of the cylin- 
der bore so that the casting can be tested under a water- 
pressure of 65 lb. to eliminate any castings that may be 
porous and will not stand pressure. 

Several smaller milling and drilling operations come 
next. After this the block goes to multiple-spindle drill- 
ing-machines to have the port, valve-stem and push-rod 
holes bored. All of these machines are equipped with 
suitable fixtures so that accurately finished work can be 
turned out rapidly. The radius for the transmission 
cover is then turned on a standard lathe having special 
equipment to load and turn two blocks at once. Boring 
of the camshaft holes is next in order and this is done 
on a special machine that works from both ends of the 
block. The block is rebored and also reamed on a four- 
spindle machine that is similar to the one used to take the 
first rough-cut out of the bore, some changes in the feed 


MOLDING SAND 


HE Bureau of Standards is conducting a series of tests 

to discover a sand with 100-per cent permeability. The 
advantage of finding a perfectly permeable sand or one that 
approximates perfect permeability is obvious. Having a 
standard sand with a known permeability, the suitability of 
every molding sand could be expressed as a percentage of 
the sand that was found to be 100 per cent permeable. To 





and the speed of the tools of course being made on ac- 
count of the difference in the nature of the work. The 
block is then ready for the three-way machine that drills 
five holes in the top, eight in the manifold side and two 
in the water-connection side. The block is then put in 
a four-way machine that drills 15 holes in the top, 4 in 
the front, 5 in the rear and 17 in the crankcase flange, 
the entire operation being completed in about 50 sec. 

The next major operation is casting the babbitt in the 
main and crankshaft bearing and milling off the gates in 
a conveyor machine of special design. The babbitt is then 
planed to insure the proper fit in the cylinder casting and 
the correct density of the metal. The next step is the 
very important one of rolling or glazing the bore, which 
is done with a four-spindle standard machine driven by 
a reversible motor. The rolls, which are of special de- 
sign, are ground very accurately and hardened very uni- 
formly. The block is then placed in a specially designed 
two-way tapping-machine where 10 holes on one side and 
2 on the other are threaded simultaneously. The next 
and last stage in the machining is the tapping of 15 
holes in the top of the block, 4 holes in the transmission 
end and 3 holes in the front end at the same time by a 
three-way tapping-machine. From the completely ma- 
chined blocks we receive approximately 70 tons of chips 
per day, which are returned to the foundry and imme- 
diately remelted to provide the cupola iron needed to 
make more castings. 

After being completely machined the block goes 
through a specially constructed washing-machine and 
comes out on a conveyor to be inspected and given the 
final water-test. If it passes the inspection and test sat- 
isfactorily the cylinder block is stamped “ok” and travels 
along on a conveyor to the loading dock from whence it 
is shipped to the assembly plant. 


INVESTIGATION 


accomplish this result, several sands have been investigated. 
One commercial grade of sand, which is a very pure silica 
sand of a fairly uniform degree of fineness, has been found 
on a number of tests, both dry and with as high as 4 per cent 
of moisture, to be 100 per cent permeable. Further tests are 
being made to determine its colloidal matter or any other sub- 
stances that might affect its permeability. 
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Standard versus Special Machine-Tools 
for Automotive Production 





By R. K. Mircwe..! 








Detroit Propuction MEETING PAPER 





re too prevalent tendency toward making large 
expenditures for special equipment when standard 
machine-tool equipment might well serve the purpose 
is deplored by the author, and a plea is made for the 
reduction of the altogether too large investment often 
carried under fixtures and permanent tools. IIl-con- 
sidered plans may have as their objective only the de- 
sign of some special fixture, but frequently result in a 
fixture or machine-tool that requires special driving 
and feed-mechanisms. 

Some of the disadvantages that attend the use of 
special machines are stated and commented upon, and 
the benefits of using standard equipment whenever 
possible are set forth. Reference is made to possibili- 
ties of special jig-and-fixture design that would meet 
the needs of manufacturers of standard parts. 


HIS paper is not an attempt to dictate a set rule o: 
policy for the tool engineer or tool designer to fol- 
low in every problem that presents itself. Rather, 
it is a general adverse criticism of the present prevailing 
policy of making large expenditures for special equip- 
ment when standard equipment might well serve the pur- 
pose, and also a plea for the reduction of the altogether 
too large investment carried under fixtures and perma- 
nent tools. 

There was a time when the automotive manufacturer 
found it necessary to build special machines for perform- 
ing certain operations and making special parts. When 
an operation or a part of this description was required, 
the policy was to design special fixtures and machine- 
tools to meet the special conditions. But often when the 
original intention is only to design a special fixture, the 
ultimate result is a fixture or machine tool that requires 
special driving and feed mechanisms. Then comes the 
question of whether to design special drives and feeds for 
some machine that is already in the plant; and this is the 
critical point in the argument between special tools and 
standard equipment. In many instances the only ma- 
chine tool that will accommodate the special heads is one 
designed and built purposely to meet this one particular 
difficulty; so, we arrive, perhaps unintentionally, at the 
stage we have so much desired to avoid, which is the de- 
sign and fabrication of special machine-tools. 

In the ordinary routine followed when building special 
machine-tools, we are confronted with numerous obsta- 
cles. The first is the fact that the average draftsman 
found in the general run of tool-designing departments 
has had neither the engineering nor the production expe- 
rience essential to the proper designing of special ma- 
chine-tools, and his lack of knowledge as to proper 
stresses, correct bearings, loads and the details to be 
employed, together with a lack of foresight in consider- 
ing the interchangeability of parts, ease of replacement 
and the use, so far as possible, of standard parts, is re- 
flected in the enormous first cost of the majority of spe- 
cial machine-tools that are built under private super- 
vision. The actual construction usually is performed in 


1 Production department, Maxwell Motor Co., Inc., Detroit. 
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the toolroom by high-priced labor, working an excessive 
amount of overtime, and the machine, finally completed, 
has yet to meet its first test. It will be acknowledged 
that very few special machines have ever been devised 
and built that did not demand much undue expense and 
delay in production, not to mention the many changes 
made before they began to function as originally in- 
tended. 


SPECIAL MACHINERY 


The governing motive behind the design of special 
machinery is usually economy in production, and this is 
very commendable; but lack of experience, errors in de- 
sign and construction and the failure of a machine to 
work as intended do not pay dividends. For example, a 
special machine-tool for turning both sides of the flange 
and the face of a flywheel at one operation was designed 
and constructed recently at an expense of from $18,000 
to $20,000. Three days after the machines were in- 
stalled, they were abandoned; but, fortunately for the 
manufacturer, the old set-up was still available. This 
was not because the old set-up was more efficient; but 
because, although there was every opportunity to de- 
velop a machine that would give greater production, 
lack of foresight and poor design ruined the whole 
project. The worst blunder was that no provision had 
been made or could be made for the escape of chips. 
Chips from the upper cutters worked down and packed 
against the bottom face, impeding the two lower cutters 
and necessitating the removal of the chips with a chisel 
about every 10 min. The final outcome of this case 
was that the manufacturer had to go out in the market 
and buy standard machine-tools. If the outlay wasted 
in the design and construction of the special equipment 
had been applied to the purchase of standard equipment, 
it would have more than covered the standard machine- 
tools that were afterward purchased. The sum of the 
whole incident was that from $35,000 to $40,000 was 
expended, where $15,000 would have served the purpose. 
This is rather costly experimental work for the manu- 
facturer. The money spent and wasted on this job alone 
should be a sufficient argument against the too prevalent 
weakness for designing special machinery on the least 
provocation. 

A special machine-tool in production requires the ser- 
vices of a skilled or special operator, at least until those 
interested become familiar with its care and operation. 
If the operator should be absent for any reason, loss of 
time and production must result before another man can 
be broken-in. 

Repair parts for special machine-tools are costly items. 
It develops not infrequently that patterns are broken, 
mislaid or left at the foundry and, when the casting is 
finally secured, it means day-and-night work in the tool- 
room with additional expense and delay. Perhaps all of 
the foregoing will be accepted as constituting problems 
that will arise in any trade or line. 

The most forceful argument against special machine- 
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tools at present is the unstable design and development 
of automotive parts. When a designer produces a special 
machine-tool to accommodate a certain part, he has no 
guarantee as to the life of that part. I venture to say 
that the average life of the majority of automotive parts 
without change in design is less than 6 months. Any 
change in the design of the part either obsoletes a special 
machine-tool or demands such expensive changes in its 
construction that the machine usually finds its way to the 
obsolete or salvage department long before its useful life 
has scarcely begun, 


STANDARD EQUIPMENT 


Let us consider now some of the advantages of using 
standard equipment and machine-tools. To-day, machine- 
tool builders have stocked the market with a large variety 
of simplified, standard machinery that can be adapted to 
special operations and parts with slight extra expense. 
In the first place, the standard machine-tool is very much 
cheaper than a special machine. It is built on a quantity- 
production basis, and designing and engineering charges 
are distributed over a greater number of units. The 
standard machine-tool is available for prompt delivery. 
It will have had a thorough trial in practical work before 
being placed on the market and passed out of the ex- 
perimental stage. Reputable manufacturers of standard 
machinery build their machine-tools so that the parts are 
interchangeable and, in case of service requirements, are 
prepared to furnish any part promptly from stock. Con- 
sider for a moment the money that is tied up in special 
machinery patterns, extra castings and the like. With a 
standard machine-tool, in production in any large shop, 
if an operator is called from his machine, other men just 
as familiar with the operation of it are always available 
and capable of continuing production without loss of 
time. 

Sometimes it is advisable to have special features on 
machine tools, such as a special number of spindles, 
possibly set at different angles, on a. milling-machine. 
It has been proved that a standard make of milling- 
machine can be equipped with a suitable special head to 
take care of special work. If the special part made by 
the special head is ever changed or made obsolete, the 
manufacturer need not scrap the entire machine, but only 
the special tooling. In the case of a special machine- 
tool for this special work, the entire machine would be- 
come obsolete in such an instance. Also, the standard 
machine-tool with the special tooling can be secured in 
much less time and with far less expense than the special 
machine-tool. In the case of the standard machine-tool, 
if the special part only is scrapped, the machine itself 
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still is adaptable to any other operation of a similar 
nature. 

The foregoing example is cited simply to show what is 
possible with standard equipment on milling machines, 
but it is true also with lathes, grinding-machines and 
many other standard machine-tools. All I have attempted 
to deal with is the too-ready penchant for designing and 
building special machine-tools where the exercise of a 
little ingenuity and manipulation will produce a set-up 
that will serve the purpose just as satisfactorily, with- 
out the excessive outlay usually associated with the fabri- 
cation of special machine-tools. 


SPECIAL FIXTURE DESIGN 


I believe there is ample room for improvement in the 
design of special fixtures. Too little attention is paid to 
the needs of manufacturers of standard parts whose 
product, if properly investigated, will be found to contain 
unlimited possibilities for incorporation in the design of 
special jigs and fixtures. In a recent issue of a popular 
weekly periodical there was a full-page spread advertis- 
ing the merits and possibilities of standard bushings. 
This advertisement alone probably meant an expenditure 
of from $8,000 to $10,000 for that manufacturer. With 
dozens of companies in like manner placing their engi- 
neering staffs and experience in their particular line at 
our disposal, still we do not pay enough attention to their 
claims and the merits of their products to consider them 
when designing our own pet tools and equipment. So far 
as possible, when designing fixtures and tools, we should 
take advantage of all that the trade offers and attempt to 
simplify our creations. Frequent use of the three funda- 
mentals of jig and fixture work, the clamp, the V-block 
and the angle-plate, is to be recommended. 

As a recent instance, a large drum-type fixture was de- 
signed, built and installed on a machine. The cost was 
about $2,500, including special drive-gears and the like 
that were constantly breaking, delaying production and 
running up a continuous repair bill on this job. The an- 
noyance and continuous expense demanded immediate 
action and the whole fixture was replaced with two small 
angle-plate fixtures on which V-blocks to oppose each 
other were fastened. One side was loaded while the part 
on the other side of the fixture was being milled. These 
two fixtures cost about $70 and actually increased the 
rate of production beyond that of the more elaborate and 
expensive fixture. This is only one of various similar in- 
stances that occur every day. I believe that the tool 
designer is so prone to become interested and intent on 
the design and construction of the fixture that he tempo- 
rarily loses sight of the fact that the fixture or tool is 
not the ultimate issue, but only the means to an end. 


MOTOR-VEHICLE KILLINGS AND THE ENGINEER 


N the year 1921, the Bureau of the Census announces, 

10,168 deaths from accidents caused by four-wheel motor 
vehicles occurred within the registration area of the United 
States, which contains about 82 per cent of the population. 
This is a death rate of 11.5 per 100,000, an increase of 28 
per cent over 1917. Further than that, the increase in rate 
is itself increasing from year to year, and the rate in the 65 
largest cities averages about 15 per 100,000. These are 
alarming statistics. Couple with them the statement just 
made by Chief Magistrate McAdoo of New York City, that 
before long all of Manhattan Island below 14th Street 
will have to be one-way streets barred to passenger vehicles 
and that there are 2000 unprotected crossings in the city 
where policemen are needed, and the seriousness of the motor- 
traffic problem will be realized. Part of the trouble is due to 





the laxity of the driver license requirements, part to the care- 
lessness of drivers and their assumption of the right-of-way 
over the pedestrian at crossings, but mostly it is the inevitable 
result of an increase of motor use far beyond the capacity of a 
city street system laid out for slow moving traffic in small 
volume. This motor use will not decrease nor even remain 
stable. Driver and traffic regulations can only remove a part 
of the difficulty. The obvious solution lies only in a radical re- 
vision of our conception of what a city street is for, and this 
reduces to a problem for the engineer. Motor-vehicle boule- 
vards, second-story streets and under or over crossings for 
pedestrians all are probabilities of the near future in our 
congested centers and engineers responsible for our city de- 
velopments must take account of such things as actualities 
and not as dreams.—Engineering News-Record. 
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The Hot-Spot Method of Heavy- Fuel 


Preparation 






By F. C. Mocx' ann M. E. Cnanpbier?® 


SEMI-ANNUAL MEETING PAPER 


INCE a number of verbal additions were made at 

the meeting to the preprinted text of the paper, 

particularly in the way of making clear first how 
far actual working conditions followed out the theoretical 
analyses, these are printed herewith to avoid the possi- 
bility of making incorrect assumptions from the previ- 
ously printed text. For the convenience of the members 
a brief abstract of the paper as it was printed in the July 
issue of THE JOURNAL’ is presented herewith. 


ABSTRACT 


HE development of intake-manifolds in the past 

has been confined mainly to modifications of con- 
structional details. Believing that the increased use 
of automotive equipment will lead to a demand for fuel 
that will result in the higher cost and lower quality of 
the fuel, and being convinced that the sole require- 
ment of satisfactory operation with kerosene and mix- 
tures of the heavier oils with alcoho] and benzol is the 
proper preparation of the fuel in the manifold, the 
authors have investigated the various methods of heat 
application in the endeavor to produce the minimum 
temperature necessary for a dry mixture. 

Finding that this minimum temperature varied with 
the method of application of the heat, an analysis was 
made of the available methods on a functional rather 
than a structural basis. Three of these are discussed: 
(a) When the heat from the walls of the manifold is 
applied through the medium of the air; (b) when it 
is applied to the fuel alone, or partly to the fuel and 
partly to the air; and (c) when a spray of atomized 
fuel and air is directed against a heated surface. A 
device was constructed by which the three main vari- 
ables, the exhaust temperature, the exhaust flow and 
the area of the heating surface, might be regulated and 
the three remaining variables, the quantity of air, the 
quantity of fuel supplied and the quantity of fuel va- 
porized, might be controlled. 

Taking into account the wide range of temperatures 
that the air charge and fuel supply undergo before 
entering the intake-manifold system, a quantitative 
computation of heat transfer was made and the con- 
clusions were drawn that only by a combination of 
centrifugal force, surface tension and the force of 
gravity could the unvaporized drops be separated from 
the fuel charge and that the conditions of combustion 
are governed by the rate of fuel feed from the mani- 
fold to the cylinder and not from the carbureter to the 
manifold. 


THE DISCUSSION 


F. C. Mock :—Supplementary to the paper, reference 
is made to an experiment with a hot-spot type of fuel 
heater in which the area of heating surface, mixture pro- 
portion and exhaust temperatures could be varied while 
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Illustrated with Drawincs 


observations of the condition of the fuel and temperatures 
in various parts of the system were made. This device 
is shown in Fig. 8 of the paper. It was mounted in the 
center of the exhaust manifold of a Continental Model 
7-R 31% x 41%-in. six-cylinder engine, which was operated 
for several weeks with this device, on motor gasoline, 
high-test or aviation gasoline, kerosene and grain alcohol. 
It should be stated that this form of heater, having a 
horizontal heating surface, was not selected as being a 
desirable form for regular use in automotive service, but 
was chosen because of the convenience with which ob- 
servations could be made. 


NATURE OF ACTION AT HOT-SPOT 


Our observations seemed consistently to show that 
whatever part of the fuel remains in contact with the 
hot-spot undergoes a sort of selective distillation, the 
light elements boiling off quickly and the heavier elements 
more slowly, being very much the same action as that in 
the distillation flash of Prof. R. E. Wilson’s method for 
determining equilibrium solutions. Provided the tem- 
perature of the metal heating surface is above its boiling- 
point, each element of the fuel seems after boiling to 
depart from the pool of fuel on the heating surface as 
vapor at its own boiling-point. Very little heat is ap- 
parently communicated from the metal heating-surface 
and the liquid on the heating-surface to the airstream, 
and the final mixture-temperature is approximately such 
that its heat-content is the sum of that of the air part 
of the charge at its entering temperature and that of the 
fuel vapor at its average boiling-point. In other words, 
the heat balance and final mixture-temperatures with an 
exhaust hot-spot are substantially those obtained with 
the system shown in Fig. 4 of the paper. This combina- 
tion then results in a fog mixture, the temperature of 
which depends upon the boiling-point of the fuel, its 
specific heat, the mixture proportion and the temperature 
of the entering air. 

Fig. 10 shows the mixture temperatures that should 
result from the combination of gasoline and kerosene 
vapor with varying temperatures of the entering air. It 
should be borne in mind that such low mixture-tempera- 
tures as these can scarcely be obtained under a motor-car 
hood because of preheating of the air, and later heating 
of the mixture, from sources external to the hot-spot. 
With the greatest care that can be taken, the mixture will 
enter the valve ports from 15 to 25 deg. fahr. hotter than 
indicated by the curves. 

The temperature values given for motor gasoline and 
kerosene are those computed from the observations of 
Prof. R. E. Wilson and Daniel P. Barnard, 4th, described 
in their paper on Condensation Temperatures of Gasoline 
and Kerosene-Air Mixtures,‘ which check very closely 
our own observations. For convenient reference, curves 
of the heat-content of gasoline and kerosene at different 
temperatures and at pressures corresponding to those of 
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the vapor in the mixture at’ full throttle, are given in 
Fig. 11 in terms of British thermal units and degrees 
fahrenheit. These also were obtained from the work of 
Professor Wilson and Mr. Barnard and can be used to 
compute the rise in temperature necessary with different 
mixture-proportions, initial air temperatures and the like. 

With the ordinary hot-spot, the fuel remains on the 
surface only at low air velocities in the manifold, and in 
customary use a considerable portion of the fuel goes by 
into the engine without having gone through the process 
of evaporation and condensation, so that the conditions 
described in the foregoing, and in the paragraphs follow- 
ing, are only partially carried out. Such fuel as does not 
boil at the hot-spot is carried farther along into the in- 
take manifold where further evaporation takes place from 
its surface at a relatively slow rate. 

When the temperature of the metal heating-surface 
was 200 deg. fahr. or more above the boiling-point of the 
fuel, there was a pronounced “spheroidal condition” and 
at times the drops of fuel would bounce around in the 
chamber like popping corn. Under this condition, a num- 
ber of drops were caught up by the airdraft and swept 
out of the heating chamber into the intake-manifold with- 
out being evaporated. In our test, however, we found 
this only occasionally and as a temporary phenomenon, 
as it was only at the highest power outputs of the engine 
that the heating surface rose sufficiently beyond the boil- 
ing temperature for this condition to occur. 


FINAL LIMITATIONS OF THE Hot-Spot METHOD 


With kerosene and with alcohol, the temperature of 
the metal surface sometimes fell below the boiling-point 
of the fuel. Under such conditions the evaporation took 
place by surface evaporation rather than by the com- 
bined surface and internal evaporation of boiling, and 
consequently a considerably larger surface area was 
necessary at this time. It should be borne in mind that, 
during boiling, the limitation of heat transfer was prob- 
ably the ability of the ribs to collect heat from the ex- 
haust, as the rate of transmission from the metal surface 
to the liquid was sufficiently rapid to take away the heat 
as fast as it was collected from the exhaust. When the 
evaporation is only from the surface, however, the extent 
of surface presented is the main limitation and it becomes 
necessary to spread the fuel out in a very wide film or to 
recirculate and respray it on the hot-spot. Whether this 
surface evaporation can be obtained is, in our estimation, 
the consideration that will determine how low we can go 
in the scale of fuel elements, using the hot-spot method 
of preparation. It seems very likely that we will not be 
able to use successfully, in general service, fuels the 
boiling-point of which lies above 500 to 550 deg. fahr., 
so long as a low “‘idle” is desired; because, even allowing 
for the effect of the reduced intake pressure in lowering 
the boiling-point, the exhaust temperatures will not be 
adequate. 

The heat for evaporation of fuel is obtained from the 
exhaust through the intermediation of the metal wall 
between, and the wall temperature is, therefore, lower 
than that of the exhaust but higher than that of the 
liquid film. The temperature of the heating surface, like 
the exhaust temperature, varies with the speed; but the 
percentage of variation is less. We found that the tem- 
perature drop of the heating surface under change of 
quantity or condition of mixture fed was a very good 
measure of the heat being taken up by the mixture. Any 
change of boiling-point, specific heat or latent heat of 
evaporation in the fuel is strikingly shown in the tem- 
perature of the heating surface. For instance, with the 
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exhaust temperature at 1000 deg. fahr., the metal-wall 
temperature at one point was with motor gasoline 595 
deg., with kerosene 535 deg., and with alcohol 175 deg. 
fahr. This emphasizes what has been implied previously, 
that with alcohol and kerosene it is very important that 
an adequate amount of surface be presented to collect 
heat from the exhaust. 

We were very much surprised to find how little heat 
was taken up when air alone passed through the heating 
chamber. With a surface more than adequate to vaporize 
a full charge when the fuel was taken into the heating 
chamber, if air alone were passed through the heating 
chamber, the fuel being taken into the airstream beyond 
the heating chamber, the temperature was only from 10 
to 20 deg. fahr. above that of the entering air and the 
engine ran very poorly indeed, with every evidence of 
poor fuel-distribution. Another evidence of this point 
is that, at a speed and load at which the temperature of 
the heating plate was 400 deg. fahr. with no circulation 
above it, when the air alone for the engine was taken 
over the plate, the plate temperature fell 30 deg. fahr.; 
but, when both the air and fuel charge were sprayed on 
the heating surface, its temperature fell 150 deg. fahr., 
or five times the temperature drop when air alone was 
passing. Observation of thermocouples at various points 
of the heating surface showed that the air received most 
of its heat in making the right-angle bend to flow across 
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the metal surface, and that there was very little heat- 
transfer beyond the bend. 

Since the liquid fuel on the heating surface is at no 
higher temperature than at its boiling-point, while the 
surface is hotter than this, it seems reasonable to believe 
that the communication of heat directly from the liquid 
fuel to the air might almost be ignored. 

The test heating-chamber was constructed so that the 
area of surface exposed could be varied as necessary to 
maintain a constant mixture-temperature at varying 
speeds and loads. We were pleased to find that a constant 
area of surface was required for any given fuel, at both 
low and high speeds, at wide-open throttle; and that the 
area of surface which was right for wide-open throttle, 
was adequate for part-throttle running. An exception 
to this rule has already been noted in that, when the 
temperature of the plate fell below the boiling-point of 
the fuel, considerably more surface was needed. 

Under the conditions of our test, the area of surface 
presented to the fuel, as found adequate for creation of 
a dry fog, is given in Table 2. For idling with kerosene 
and alcohol, a surface approximately 40 per cent greater 
than is given in Table 2 seemed necessary when the fuel 
was spread out in a thin film. 





TABLE 2—-ADEQUATE HEATING SURFACE FOR EACH SPECI- 
FIED VOLUME OF ENGINE PISTON DISPLACEMENT 


Adequate Engine 
Heating Piston 
Kind of Fuel Surface, Displacement, 

Sq. In. Cu. In. 
Motor Gasoline 1 6.5 
Aviation Gasoline 1 11.5 
Kerosene 1 4.5 
Grain Alcohol 1 5.6 


Under some conditions the surface collecting heat from 
the exhaust is a limiting factor of hot-spot capacity. In 
our experiments the surface presented to the exhaust was 
approximately three times that presented to the intake, 
giving the ratios of exhaust surface to piston displace- 
ment that are presented in Table 3. 


TABLE 3—ADEQUATE EXHAUST SURFACE FOR EACH SPECI- 
FIED VOLUME OF ENGINE PISTON DISPLACEMENT 


Adequate 
Exhaust Piston 
Kind of Fuel Surface, Displacement, 

Sq. In. Cu. In. 
Low-Test Motor-Gasoline 1 2.2 
Aviation Gasoline 1 4.0 
Kerosene 1 1.5 
Grain Alcohol! 1 1.9 


The figures in Table 3 were obtained when there was 
a layer of soot about 1/32 in. thick on the exhaust sur- 
face. In their application to design it can be assumed 
that the whole mass of the exhaust manifold around and 
adjacent to the hot-spot is effective in collecting exhaust 
heat and conducting it to the heating surface. This can 
be used as a guide to the number of ribs necessary. It 
is of course essential that there be an actual circulation 
of exhaust gases over the surfaces included in the com- 
putation. 


LABORATORY VERSUS MoTor-CAR HEAT-CONDITIONS 


It should be borne in mind that there was a tremen- 
dous difference between the temperature conditions of our 
laboratory test and those existing under a motor-car 
hood. We had jacketed the intake-manifold with asbestos 
and placed asbestos shields between it and the exhaust 
pipe so that there was no radiation of heat from the ex- 


haust manifold to the intake. We had a fan blast on the 
intake system so that the temperature was that of the 
room, 75 to 85 deg. fahr. instead of the 140 to 160-deg. 
fahr. fan-blast temperature that, in summer, is ordinarily 
directed onto the intake system under the hood; we also 
held the water temperature of the engine at 140 deg. 
fahr., which is somewhat lower than that of many engines 
when pulling a heavy load. The only heat applied to the 
mixture was at the heating surface. 

When a hot-spot is applied to an intake system that 
has a long extended surface in proximity with the ex- 
haust manifold, or one in which a large part of the intake 
passage is jacketed in the cylinder-head, there is bound 
to be a tremendous difference between the mixture tem- 
peratures of summer and winter operation, although no 
greater difference than would exist in mixture tempera- 
ture without the hot-spot. If, in addition, the air enters 
the carbureter at 140 to 160 deg. fahr. in summer, and 
between zero and 40 deg. fahr. in winter, it is obvious 
that some sort of temperature regulation will be needed. 
But it would seem logical to place the control where the 
variation occurs, on the hood temperature or on the air 
entering the carbureter, rather than on the hot-spot, the 
temperature transfer of which varies very little between 
all seasons and conditions of operation. Indeed, thus far 
we know of no completely successful effort for correcting 
for atmospheric and seasonal temperature-changes of the 
intake system by change of the heat application at the 
hot-spot. 

While on the subject of power loss from too much heat 
applied to the intake charge, it can be stated that the loss 
from expansion of the charge is less than is generally 
believed, and that the extreme and remarkable lack of 
power noted with some engines when there is too much 
heat on the manifold is due to a condition of detonation 
rather than the loss of so-called volumetric efficiency. 


THE SEPARATING HotT-SpPort 


It is well known that many of the shortcomings now 
experienced with present hot-spots are due to the fact 
that the fuel does not stay on their heating surfaces long 
enough to be subjected to complete vaporization and con- 
version to a fog. The result is that the operation of the 
engine is efficient and correct only above certain limiting 
mixture-temperatures. The obvious step seems to be to 
incorporate with the heating surface a separator that will 
catch the unvaporized fuel-drops and return them to the 
heating surface. We have found that very good results 
can be obtained with such a device, but it is essential 
that the separating hot-spot have adequate capacity for 
transmitting heat from the exhaust to the fuel; other- 
wise there will be a time when the fuel, although metered 
in the carbureter, will stop and collect in the heating 
chamber instead of going to the engine, exactly as fuel 
“loads” in our present intake-manifolds at low air- 
velocities. But with the current type of intake-manifold, 
if the supply of vaporized fuel is inadequate to run the 
engine, it can always be increased by using the carbureter 
mixture control and raising the engine speed to a point 
where the air velocity carries a firing charge to each 
cylinder. With the separating hot-spot, this cannot be 
done, at least not until the separating chamber is filled 
with liquid fuel, but it is remarkable how well a passen- 
ger-car engine will perform on fuels so heavy that they 
cannot be vaporized and passed on to the engine except 
at part throttle. For truck and tractor usage, in fact 
for all heavy-duty usage, the separating hot-spot, if 
properly designed, presents the great advantage of abso- 


(Concluded on p. 490) 
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bape author gives a short history and general de- 
scription of duralumin apd quotes the Navy speci- 
fication of its physical properties as drawn by the 
Naval Aircraft Factory. The manufacture of duralu- 
min is described and commented upon, inclusive of an 
enumeration of the improvement in physical proper- 
ties produced at each stage. The physical properties 
are stated for annealed, heat-treated and hard-rolled 
duralumin and some of the possible automotive appli- 
cations are suggested, inclusive of wormwheels, bear- 
ings, gears, connecting rods, rims and wheel parts and 
chassis and body trimming. 

A report by the research department of the Fifth 
Avenue Coach Co. on the results of a test it made on 
duralumin wormwheels is included and the author de- 
tails the advantages he claims as being attendant upon 
the usage of duralumin. 


years of systematic search to fill the demand for 
a metal combining the lightness of aluminum 
with the strength and toughness associated with ferrous 
metals. This condition has been met to a remarkable 
degree and the resulting physical characteristics make 
duralumin a most desirable material for extensive auto- 
motive application. As the commercial manufacture of 
=" this metal in this country dates back little more than 2 
years, a short history and general description are given 
to afford a better understanding of the subject, although 
some information of this character already has been 
published. 

Duralumin was first made in Germany and was devel- 
oped by A. Wilm and associates during the years 1903 to 
1914. The principal and unusual feature of this alloy is 
that after it has been hot, or hot and cold, worked, it can 
be strengthened and toughened further from 40 to 50 per 
cent by heat-treatment. This heat-treatment is some- 
what analogous to that of the heat-treating alloy-steels, 
and consists of quenching from temperatures below its 
melting point, followed by an aging process. The in- 
creased physical properties are not all produced imme- 
diately on quenching, but increase during the subsequent 
aging. In addition to being made in Germany, the manu- 
facture of duralumin was taken up in England by Vickers, 
Ltd., prior to the late war. During that conflict its use 
for structural purposes in connection with aviation 

brought the material before the eyes of the engineering 

world. To-day duralumin is recognized as occupying the 
same relative position tq ordinary sheet or bar aluminum 
that heat-treated alloy-steel does to ordinary carbon- 
steel. 

Duralumin is an aluminum alloy containing copper, 
manganese and magnesium. Its strength and toughness 
are comparable with those of mild steel, and are obtained 
with a specific gravity of 2.81 as against 7.80 for steel. 
The melting-point is approximately 655 deg. cent. (1211 
deg. fahr.), the recalescence-point is 520 deg. cent. (968 
deg. fahr.), the annealing temperature is approximately 
360 deg. cent. (680 deg. fahr.) and the coefficient of ex- 
pansion is 0.0000225 per degree of temperature centi- 
grade (1.8 deg. fahr.). The chemical composition of the 
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alloy varies within the following limits: copper, 3 to 5 per 
cent; magnesium, 0.3 to 0.6 per cent; manganese, 0.4 to 
1.0 per cent; and the remainder is aluminum plus impuri- 
ties. Small quantities of other metals are added some- 
times for certain specific reasons. For instance, chro-, 
mium can be added to increase the burnishing qualities 
of the metal. 

The relative modulus of elasticity of duralumin is 
about one-third that of steel. The Bureau of Standards 
gives its value as being between 10,000,000 and 11,000,000 
lb. per sq. in. Steel is quoted generally as having a 
modulus of elasticity of 29,000,000 lb. per sq. in. As the 
physical properties that can be obtained commercially 
from duralumin have not had much publicity, the follow- 
ing specification, as drawn up by the Naval Aircraft 
Factory, is of interest: 


MATERIAL SPECIFICATION FOR DURALUMIN 


Use.—This specification is drawn to cover the require- 
ments of duralumin sheet, rods and wire supplied 
to the Naval Aircraft Factory 

General.—General specifications for the inspection of 
material, issued by the Navy Department, in 
effect at date of opening of bids, shall form part 
of this specification 

Material.—This alloy shall show upon analysis the fol- 
lowing chemical content: 


Percentage 
Copper, 3.5 to 4.4 
Magnesium, 0.2 to 0.75 
Manganese, 0.4 to 1.0 
Aluminum, minimum, 92.0 


Specimens for analysis or test shall be taken from the 
sheet, rod or wire selected as provided by the 
inspector 

Manufacture.—No scrap shall be used other than that 
produced in the manufacturer’s own plant and of 
same composition as the material specified 


Workmanship and Finish.—The sheets must be of uni- 
form quality; they must be sound, smooth, clean, 
flat and free from buckles, seams, slivers, scratches 
and other defects 

Material in which defects are revealed by manu- 
facturing operations shall be replaced by the man- 
ufacturer, notwithstanding the fact that the 
sheets, rods or wires have previously passed in- 
spection 

Physical Properties and Tests——Duralumin is to be in 
the heat-treated condition. Its physical proper- 
ties are to be as follows: 

Specific Gravity, 2.80 to 2.85 

Yield-Point in Tension, lb. per sq. in., 25,000 

Tensile-Strength, lb. per sq. in., 55,000 

Modulus of Elasticity, lb. per sq. in., 9,400,000 

Selection of Test-Specimens.—At least one specimen 
for each of the tensile and bend tests shall be 
taken from a sheet selected to represent each indi- 
vidual melt of the material 

The material shall be furnished in the annealed, 
quenched or “as-rolled” condition, as specified in 
the order 

When material is ordered either in “quenched” 
or “as-rolled’” condition, specimens for the tensile 
and bend tests shall be tested in the quenched con- 
dition. When material is ordered in the annealed 
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condition, specimens for the tensile and bend tests 
shall be treated in both the physical condition in 
which the material is received and also in the 
quenched condition 
Specimens for the tensile and bend tests shall 
be prepared in accordance with the General Spec- 
ifications for Inspection of Material issued by 
the Navy Department, except that the form of 
test-specimens shall be as shown in a sketch to be 
obtained upon application to the Naval Aircraft 
Factory 
Tensile-Strength.—Tensile test-specimens cut in any 
direction from the sheets must have the properties 
specified in Table 1 


TABLE 1—TENSILE TEST REQUIREMENTS 


Sheets orStrips Sheets or 


Physical 0.05 In. Thick Strips Over 
Condition Property or Less 0.05 In. Thick 
Annealed Ultimate Tensile- Min- Max- Min- Max- 

Strength, lb. per imum imum imum imum 

sq. in. 25,000 38,000 25,000 38,000 
Annealed Elongation in 2 

In., per cent 10 10 
Quenched* Ultimate Tensile- 

Strength, Mini- 

mum, lb. per sq. in. 55.000 55,000 
Quenched’® Yield-Point, Mini- 

mum, lb. per sq. in. 25,000 25,000 
Quenched* Elongation in 2 

In., per cent 18 18 

2Quenched specimens shali not be tested within 4 days after 


completion of heat-treatment. 
within 12 hr. after treatment. 


Annealed specimens shall be tested 


Bend Test.—Specimens cut in any direction from sheets 
either annealed or quenched must withstand bend- 
ing cold through an angle of 180 deg. over a 
diameter equal to four times the thickness of the 
sheet, without cracking 

Dimensions and Tolerances.— The sheets shall be 
shipped in the lengths and widths called for in the 


order. The tolerances given in Table 2 will be 
allowed on the thickness of the sheets. 
TABLE 2——ALLOWABLE TOLERANCES FOR SHEETS NOT 


WIDER THAN 18 IN. 


Normal Thickness, in. Tolerances, in. 


0.0808 and more + 0.005 
0.0808 to 0.0359 +0.003 
0.0320 or less +0.001 


In duralumin forgings where the sections are heavy, 
it is advisable to lower the minimum tensile-strength re 
quirements to 50,000 Ib. per sq. in.; a proportional in 
crease in elongation will be found. Duralumin is unaf- 
fected by mercury, is non-magnetic, withstands atmos- 
pheric influences and offers a remarkable resistance to 
sea and fresh waters. It is affected only slightly by nu- 
merous chemicals which, in the ordinary way, corrode 
other metals and alloys so readily; it does not tarnish in 
the presence of sulphureted hydrogen; and it takes a 
polish equal to nickel-plating and remains bright with- 
out cleaning longer than any plated or silvered article. It 
is the ideal substitute for aluminum, German silver, 
brass, copper, nickel-plated and silvered articles, and is 
the only substitute for steel where lightness combined 
with the strength of that metal is required. It is the only 
.light metal that can replace steel in forgings, with a two- 
thirds saving in weight. Heat-treated duralumin forg- 
ings approximate mild-steel forgings in strength. 
Wherever weight is a deciding factor, duralumin is the 
most satisfactory metal for most shapes made by hot- 
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working or forging. Naturally, duralumin forgings are 
especially desirable for reciprocating or moving parts 
where inertia, due to their own weight, forms a large 
part of the total stress. Duralumin machines and pol- 
ishes very easily and, as it does not rust or corrode, it can 
be used in many places where weight is not the prime 
essential. 

The manufacture of duralumin is somewhat analogous 
to that of steel and, in brief, is as follows: 


Manufacture of the alloy from its aluminum base 
(2) Casting the ingot 
Hot-rolling or cogging in blooms, billets or slabs 
Hot or cold-working to final shape 
(5) Heat-treating 


The ingots are poured at as low a temperature as is 
practicable; that is, just enough above the melting-point 
to fill the mold and prevent cold-shuts. The ingots are 
then either hot-rolled or cogged into slabs, blooms or bil- 
lets, similar to the manner of working steel. This hot- 
working is done at a temperature of from 450 to 480 deg. 
cent. (842 to 896 deg. fahr.), and care must be used not 
to perform any work on the metal above these tempera- 
tures because there is a danger of hot-shortness if the 
material is rolled or forged at higher temperatures. It 
is seen readily that such low temperatures cannot be 
judged by color; therefore, it is necessary to use accu- 
rate pyrometers in heating the metal, previously to work- 
ing. The final rolling or forging can be done hot or cold, 
according to the character of the work being handled or 
the nature of the shape it is desired to produce. 

The hot or cold-worked metal in its final shape shows 
greatly improved physical properties over those of the 
cast ingot, but the full development of its qualities is 
obtained only by a specific heat-treatment. To obtain 
this heat-treatment, the metal is heated to a temperature 
of 500 to 520 deg. cent. (932 to 968 deg. fahr.) for a 
period of time, depending upon the section of the piece, 
and immediately quenched. The heating and quenching 
immediately start to improve the physical qualities of the 
metal, but the maximum results are obtained only by the 
subsequent aging. During the aging period, which takes 
from 1 to 5 days, the alloy markedly increases in tensile- 
strength, hardness and elongation. Aging is sometimes 
accelerated by placing the metal in a hot-water bath up to 
100 deg. cent. (212 deg. fahr.), or in a hot room. The 
above heat-treatment develops the remarkable properties 
possessed by duralumin, and these properties have not 
been obtained in like degree in any other aluminum alloy. 


IMPROVEMENT OF PHYSICAL PROPERTIES 


The various stages of manufacture, as related, in- 
crease the physical properties of duralumin by distinct 
steps. The cast ingot shows a tensile-strength of from 
28,000 to 32,000 lb. per sq. in., with an elongation in 2 
in. of from 1 to 3 percent. The hot or cold-worked metal 
shows a tensile-strength of from 40,000 to 50,000 lb. per 
sq. in., with an elongation of from 6 to 12 per cent. These 
last figures are variable, depending upon the amount of 
working in the cold state. Upon subsequent heat-treat- 
ment and aging, the physical properties of duralumin 
show a marked increase, namely, 55,000 to 65,000 lb. per 
sq. in. tensile-strength and an elongation of from 18 to 
25 per cent. 

When it is required to put a considerable amount of 
work upon duralumin in its finished state, it often is 
found necessary to anneal the sheets between operations 
in precisely the same manner as in handling other metals. 
This annealing should be done at 350 deg. cent. (662 
deg. fahr.). If several drawing operations are to be per- 
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formed, it may be necessary to anneal the metal between 
such operations. Annealed duralumin can be heat- 
treated and the maximum physical properties obtained, 
no matter what the shape or form to which the metal may 
be reduced. Conversely, heat-treated duralumin can be 
annealed. 

Duralumin can be cold-worked after heat-treatment 
and aging. This operation produces a hard, smooth fin- 
ish and materially increases the tensile-strength of the 
metal at the expense of elongation; that is, the tensile- 
strength will increase from 6000 to 10,000 lb. per sq. in. 
over that of the heat-treated metal, but the elongation 
may drop as low as 3 or 4 per cent. 

In the annealed form it can be drawn, spun, stamped 
or formed into a great variety of shapes, as is the case 
of brass and mild steel. The physical properties in this 
state average as follows: 

Ultimate Tensile-Strength, lb. per sq. in., 25,000 to 35,000 


Elongation in 2 In., per cent, 10 to 14 
3rinell Hardness 54 to 60 
Scleroscope Hardness 9 to 12 


Duralumin in its heat-treated form can be slightly 
shaped or formed and can be bent cold to 180 deg. over 
a mandrel four times the thickness of the sheet. Its re- 
markable tensile-strength here combined with its 
maximum elongation as follows: 
Ultimate Tensile Strength, lb. per sq. 

Yield-Point, lb. per sq. in., 


is 


in., 55,000 to 62,000 
30,000 to 36,000 


Elongation in 2 In., per cent, 18 to 25 
Brinell Hardness, 93 to 100 
Scleroscope Hardness, 23 to 27 


Heat-treated duralumin forgings have similar physical 
properties. Heat-treated and hard-rolled duralumin is 
used where no bending or forming is required. It is a 
very hard, strong, springy metal in this state and ma- 
chines or polishes beautifully. Its physical properties in 
this form average as follows: 

Ultimate Tensile-Strength, lb. per sq. in., 67,000 to 72,000 


Yield-Point, lb. per sq. in., 55,000 to 65,000 
Elongation in 2 In., per cent, 3 to 8 

Brinell Hardness, 130 to 140 
Scleroscope Hardness, 37 to 42 
Having covered the general characteristics of the 


metal, a more intimate discussion of a few of the many 
automotive applications is given. Some of these appli- 
cations are still under experimental observation and, in 
others, duralumin has been adopted as a _ standard 
material. 


AUTOMOTIVE WORMWHEELS AND BEARINGS 


During the past 2 years much experimental work has 
been done along this line and the data are now available. 
Since the characteristics of the metal brought out in this 
class of service are highly desirable in other forms of 
gearing, bushings and the general replacement of bronze, 
these data are given at some length. 

From the general description of duralumin it will be 
seen readily that here is an ideal material for worm- 
wheels, provided the bearing or wearing qualities are 
satisfactory. For a given section, the weight is one- 
third that of the conventional bronze. The _ tensile- 
strength and the relatively high elastic-limit assure supe- 
rior tooth-strength. The homogeneous structure and uni- 
form hardness of heat-treated duralumin forgings ob- 
viate hard spots, porosity and spongy areas so common 
in bronze castings, entailing not only machining losses 
but uneven tooth-wear in service. The excellent machin- 


ing qualities assure the manufacturer a saving in the 
machining costs, compared with those of bronze. 

The wearing qualities of wormwheels for automotive 
purposes is best determined by actual road service, as 
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bench or laboratory-test results do not always corre- 
spond. It is instructive, however, to compare results ob- 
tained from duralumin with those of other materials 
under identical conditions. The data from various labor- 
atory tests under my observation on bronze and duralu- 
min wormwheels can be summarized by saying that tests 
destructive to duralumin wormwheels were also destruc- 
tive to those made of bronze. The results are always 
good where duralumin and hardened steel are run to- 
gether. An example of this application is shown by 
duralumin connecting-rods running direct on the wrist- 
pins with better life at this point than with the con- 
ventional bronze-bushed connecting-rod of equal bearing 
area. 

Comparative tests of bearings made from duralumin 
against bearings made of genuine babbitt metal show 
that, for shaft speeds exceeding 700 r.p.m. and loads over 
200 lb. per sq. in., duralumin bearings develop less fric- 
tion, remain cooler and show practically no loss in weight 
under the most severe conditions. For lower bearing 
pressures and slower speeds, babbitt metal is superior. 
Table 3 shows the details of this test. 


TABLE 3—COMPARATIVE BEARING TEST 


Final Rise in 
Total Temperature Temperature 
Loads, Number a Fric- Loss of 
Lb. per Speed, of Revo- Deg. Deg. Deg. Deg. tion Weight 
Sq. In. R.P.M. lutions Cent. Fahr. Cent. Fahr. Lb. Grams 
Baush Duralumin, Grade B 
100 632 37,920 39 102 18 64 fk eee 
200 625 37,500 71 160 70 158 42.30 (a) 
300 629 37,740 54 129 32 90 63.45 agape 
400 §23 37,380 62 144 39 102 84.60 (b) 
Genuine Babbitt, Bureau of Standards 
100 694 12,230 89 192 53 95 22.00 0.023 
200 706 16,510 102 216 58 104 29.00 0.021 
300 686 15,150 125 257 100 180 38.00 0.013(c) 
400 603 5,500 139 282 94 169 79.00 0.054 (d) 





(a) Bearing roughed and ran warm in 10 min. 
(b) No measurable loss of weight 

(c) Belt slipping 

(d) Bearing seized, smoking 


In regard to road tests, a considerable number of 
duralumin wormwheels are now actually in regular ser- 
vice in trucks ranging from 1 to 314-ton capacity. These 
wheels have been in service from a few weeks to over 
2 years without any failure. As these wheels are all 
running, complete data are not available, but through the 
courtesy of G. A. Green, vice-president and general man- 
ager of the Fifth Avenue Coach Co., New York City, I 
quote from the report of one of its preliminary tests 
under date of Aug. 2, 1921, as follows: 


FIFTH AVENUE COACH CO. REPORT 


General.—The greatest possibility of effecting weight- 
saving lies in the employment of aluminum or some 
of its alloys. With this idea in mind it was de- 
cided to test in road service a rear-axle wormwheel 
fabricated from an aluminum alloy commercially 
known as duralumin 


Object.—To determine by road test the merits of a 
duralumin wormwheel, especially noting its re- 
sistance to wear, relative weights and the like, as 
compared with the standard bronze unit 


Description.—Duralumin is a light aluminum-alloy hav- 
ing a specific gravity of 2.82. It can be forged, 
stamped, drawn or spun. The product is highly 
resistant to corrosion. The metal is heat-treated 
by the producer in a manner that is not made 


public. The following physical properties are 
claimed for this material: 
Tensile-Strength, lb. per sq. in., 55,000 
Elastic-Limit, lb. per sq. in., 30,000 
Elongation in 2 In., per cent, 18 


Bend cold over 180 deg. on a mandrel four 
times the thickness of the sheet. 
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A wormwheel was cut having standard pitch and ratio. 
The relative weights are, for duralumin, 15.0 lb.; 
and for standard bronze, 41.5 lb. The difference, 
26.5 lb., is the equivalent of 64 per cent 


Method.—Three duralumin wormwheels were procured 
from the Baush Machine Tool Co., and installed 
in standard worm-carriers. The road test was 
started on three 2A-type buses. An inspection of 
these parts was made periodically for the first few 
week's of service and again during the next annual 
overhaul of these buses 


Results.—The results obtained with these sample worm- 
wheels are recorded in the following tabulation: 


Bus Number 30 39 40 
Date Installed Aug.27,1920 Sept.15,1920 Sept. 11, 1920 


Date Removed June 20, 1921 In service June 17, 1921 
Mileage 26,672 24,143 32,253 
Fuel Average, 

miles per gal., 6.75 6.52 6.65 


From the above tabulation it will be noted that a total 
distance of 83,068 miles has been covered with 
these units, all of which show excellent resistance 
to wear along the pitch-line at the end of this 
period. In one case the unit removed from bus 
No. 40 had a bearing failure behind the worm. 
The sides of this worm were slightly chipped, but 
not sufficiently to prevent returning it to service 
with the others 

Conclusion.—Inspection of these parts after the above 
stated amount of service indicates wearing quali- 
ties equal to those of the standard bronze worm- 
wheel. In view of the advantages to be obtained 
from the use of this material it is recommended 
that several more be obtained for a more exhaus- 
tive test 

After long tests with bronze wheels where the oil has 

not been changed, the oil is found to contain particles of 
bronze in suspension. This condition is very marked in 
some tests, and is of importance not alone as indicating 
tooth wear but as showing the deterioration of the lubri- 
cating value of the oil. Oil heavily charged with metallic 
particles acts more like an abrasive than a lubricant and 
is an important factor in automotive worm-gear wear, 
because the oil is seldom renewed as often as is desir- 
able. When duralumin wheels were used, the charging of 
the oil with metallic particles was practically negligible. 
As brought out by these tests, indications point to excel- 
lent life as well as lightness for duralumin wormwheels, 
unless the wheels have been roughened by lack of lubri- 
cation or too high a tooth-pressure, which will injure or 
destroy any worm gearing. 


GEARS 


The same qualities that make duralumin a desirable 
material for automotive wormwheels make it valuable for 
plain spur and other gearing. It is suitable for this class 
of work where the pressures are sufficiently within its 
elastic-limit of 30,000 lb. per sq. in. Where this condi- 
tion is met and light weight and quietness are desirable, 
it replaces iron, steel, brass, fiber, fabric and the like. 
Where duralumin can be run against steel rather than 
against itself, the best results are obtained. The out- 
standing automotive application is found in the timing- 
gear trains of automobile engines where both long life 
and quietness are essential. 

Helical-cut spur-gears of duralumin, alternated with 
steel gears, have been most successful in service. De- 
tailed test reports are not especially interesting as the 
gear design varies with every engine, but the fact that 
upward of 80,000 duralumin camshaft and idler gears 
are now in use is conclusive. It may seem somewhat 
paradoxical that duralumin gears, when meshed with 





steel gears, are quiet, because all duralumin forgings are 
resonant when struck. The explanation is undoubtedly 
in the difference in pitch of the sound vibrations of steel 
and of duralumin. This, of course, applies only when 
the mass and section of the duralumin gear are properly 
proportioned to the steel gear. 


CONNECTING-RODS 


Reciprocating and other high-speed parts naturally 
offer a field for duralumin forgings or shapes, and their 
performance under alternating stress has proved highly 
satisfactory. Duralumin connecting-rods give remark- 
able results in high-speed engines, especially in connec- 
tion with aluminum or other light-weight pistons. Much 
experimental work has been and is being done, the data 
being beyond the scope of this paper; the work really 
comes under the heading of the effect of light recipro- 
cating parts on engine design. However, it is safe to 
state that duralumin connecting-rods can replace steel 
connecting-rods, while retaining the same outside-diam- 
eter dimensions. 

It is recommended that the radii and sections be some- 
what increased, depending upon the characteristics of the 
steel replaced. However, such a large part of the stress 
on a connecting-rod is due to its own weight and that of 
the piston that a considerable sacrifice of tensile-strength 
is allowable to the duralumin connecting-rod due to the 
weight saved on the rod. The average I-beam-section 
steel connecting-rod generally weighs about twice as 
much as the duralumin connecting-rod that can replace it. 
The piston-pin can be floated directly in the duralumin 
connecting-rod but, except in special cases, it probably 
will be desirable to babbitt the lower end. 


OTHER PARTS 

One of the most satisfactory applications of duralumin 
to the automobile is that of the rim and other wheel 
parts. Here the engineer is not only appreciably reduc- 
ing the unsprung weight and cutting down the centrif- 
ugal action of the wheel, but is giving the owner-driver 
something he can see and appreciate. First, the mini- 
mum saving of 10 lb. for the rim alone is welcome in tire- 
changing. Second, the non-rusting or non-corroding 
characteristic of duralumin allows the rim always to func- 
tion properly and prevents the tire from rusting and 
vuleanizing to the rim. These advantages, added to the 
strictly engineering ones, justify the necessary increase 
in cost of the change from steel in certain grades of car 
at least. As the physical properties of duralumin actu- 
ally exceed those of the 0.10 to 0.15-per cent carbon-steel 
used in rims, cost appears to be the only drawback. A 
certain type of disc wheel, with discs and rims of duralu- 
min of the same sections as the steel design, have been 
subjected to a road test for more than a year with en- 
tirely satisfactory results, and much experimental work 
is now going on. 

Duralumin is an ideal material for chassis and body 
trim that requires a bright finish. Great strength and 
saving of weight are not of prime importance here. A 
commercially workable material of pleasing appearance, 
of high resistance to atmospheric influence or other tar- 
nish and not plated, is wanted. Duralumin forgings, 
stampings and drawings, especially when supplemented 
by aluminum-alloy castings of the same color and resist- 
ance to tarnish, are being used with satisfaction to re- 
place nickel-plate, brass and steel in such articles as hub- 
caps, door-handles and instrument-board fittings. 

It is obviously impossible in a paper of this character 


(Concluded on p. 490) 
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Motor Cars on Rails 


Conn., via rail motor-cars from New York City, 

on the occasion of its joint meeting with the New 
England Section, aroused such a surprising amount of 
interest that the Section officers made Motor Cars on 
Rails the subject of discussion at a subsequent meeting. 
The meeting was opened by the presentation of brief 
papers by Roy V. Wright, W. L. Bean and L. G. Plant, 


[sc Metropolitan Section’s trip to New Haven, 


which are included in the text that follows. Afterward, 
there was an active discussion of the engineering prob- 
lems involved in the design, construction and operation of 
this type of automotive vehicle. The oral discussion at 
the meeting was supplemented by contributed written 
discussion from several prominent authorities on this 
subject, and this supplementary discussion also is printed 
herewith. 


THE FIELD FOR THE RAIL MOTOR-CAR 


BY ROY V. WRIGHT 


HE author quotes the conclusions reached by the 

Committee on the Development of Motor Cars for 
Light Passenger Service that reported to the Amer- 
ican Railway Master Mechanics’ Association in 1907, 
and states that they fit the situation with regard to 
the rail motor-car fairly well as it exists to-day. 
Mechanical transmission and design are commented 
upon briefly. 

There are certain objections in the public mind in 
regard to the riding qualities and other matters con- 
nected with the rail motor-car; they may be imaginary, 
but they constitute a real problem. To make a success 
of rail motor-cars, the idea of using them must be sold 
to the public. 


4 QHE conclusions reached by the Committee on the 
Development of Motor Cars for Light Passenger- 
Service, and reported to the American Railway 

Master Mechanics’ Association in 1907, are most inter- 

esting. One conclusion is 

That there is a field for the rail motor-car cannot be 
questioned, its breadth at the present period being lim- 
ited only by the development of the motor-car power- 
equipment 
The above statement is just as true to-day as it was 

in 1907. Other conclusions of the committee are as 

follows: 

Steam, as a motive power, has always possessed a 
distinct advantage of flexibility of control as well as 
reliability 

The internal-combustion engine, within certain de- 
fined limits of horsepower sizes, has been developed to 
that stage of excellence where these advantages can- 
not be said to apply exclusively to the steam engine 

With the experimental work that is being conducted 
in the development of the internal-combustion engine, 
using fuels that cost less than gasoline, and with prom- 
ising results, who can predict the final outcome of the 
motive power that will be the most satisfactory frem 
all points of view for the rail motor-car? It is probable 
that both types will have their distinctive fields, de- 
pending upon the availability of the fuel 
These conclusions, written 15 years ago, fit the situa- 

tion fairly well as it exists to-day. However, one great 

change has taken place since 1907. It is that the high- 
way motor-truck has been developed to a very high de- 
gree; and to-day we are approaching the rail motor-car 
problem from a somewhat different angle. For instance, 
in the old days it was assumed that if a motor car were 
to be developed for rail service it must be strong enough 

and powerful enough to withstand a collision with a 

steam locomotive or a steam train that might operate on 


' Managing editor, Railway Age, New York City. 
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the road at the same time. To-day the tendency, look- 
ing at the problem from the highway motor-truck angle, 
seems to be toward a lighter construction and utilizing, 
so far as possible, automobile parts that will be inter- 
changeable. This interchangeability is extremely desir- 
able if it can be brought about. One difficulty, and it 
may be the greatest difficulty, is that the power units 
used on a highway motor-truck are not large enough to 
supply the necessary reserve or flexibility that is needed 
for the various conditions of handling traffic on the rail, 
either on the feeder lines or on the short lines. Then, too, 
we have found that many of the automobile companies 
who are interesting themselves in this problem are think- 
ing in terms of building cars on a quantity production 
basis, at least so far as the more important parts are 
concerned; but there are many reasons that lead us to 
question whether this can be done, at least on any very 
large scale. 

Undoubtedly, for a great many conditions, it will be 
necessary to develop a special engine considerably larger 
and more powerful than is now employed on the high- 
way motor-trucks. There is considerable speculation as 
to just how these larger power units are to be developed. 
It has been suggested, for instance, that a light Diesel 
engine will fill the bill in many cases and give the neces- 
sary power and flexibility. There are now in service 
high-pressure steam-cars that do have a horsepower 
capacity considerably beyond that of the gasoline motor- 
cars. 

MECHANICAL TRANSMISSION AND DESIGN 


Apparently the limits of mechanical transmission have 
been very nearly reached, and this means that some 
other way of overcoming the problem must be found. In 
some instances in Europe the electrical transmission is 
used with the Diesel engine. There is a possibility, how- 
ever, that we may have to consider the hydraulic trans- 
mission in connection with these larger power units. 

Designing the car to decrease the wind resistance re- 
quires special attention. It is a factor that must be rec- 
ognized and dealt with. Further, we must meet safety 
requirements to a greater degree than we have met them 
in the past in designing some of these cars; in some in- 
stances, this may affect the kind of power that we shall 
be able to develop and use. 

In regard to the double-end car, it seems to me we 
must draw the line somewhere and that we cannot ex- 
pect too much of motor cars. Although we could run a 
car forward or backward in steam-railroad operation, we 
usually provided a turntable at the end of a run. It 
ought to be a simple matter to use those turntables for 
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the motor car and, if they are not available, the building 
of a wye is not an insurmountable obstacle. Possibly we 
had better solve some of the other problems before we 
attack the solution of this double-end-car proposition too 
seriously. 

Another thing that we must keep clearly in mind if 
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we want to make a real success of rail motor-cars is that 
the idea of using them must be sold to the public. There 
are certain objections in the public mind in regard to 
the riding qualities and some other things connected with 
the rail motor-car; they may be imaginary, but they con- 
stitute a real problem. 


SOME REQUIREMENTS FOR THE RAIL 
MOTOR-CAR 


BY W. L. BEAN’ 


HE rail motor-cars now used by the New York, 

New Haven & Hartford Railroad are illustrated and 
commented upon, and statistical data regarding their 
operation are presented. The features mentioned in- 
clude engine type and size, transmission system, gear- 
ratio, double end-control, engine cooling, heating by 
utilizing exhaust gases and exclusion of exhaust-gas 
fumes from the car interior. A table gives revenue 
data. 


HE usual steam-railroad coach is heavy. The im- 
pacts of that car on the track are sufficient to 
cause a yielding of the roadbed, track and ties; 
whereas a light vehicle has little or no effect. The 


Unit Pressure, |b per sq ft 





Fic. 1 


WIND-RESIST 
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smaller rail-pressures reflect themselves, for instance, in 
the fact that we have trouble in operating electric cross- 
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ing-signals, particularly on Monday morning when there 
has been no traffic over the line on Sunday. That is not 
altogether due to weight, it is a matter of wheelbase and 
speed; but it shows that the wheel pressure on the rail is 
so light in relation to what usually operates over the 
tracks that it is relatively negligible. That has its effects 
on the riding qualities, yet we must keep the vehicle light 
to propel it economically with the gasoline engine. 

We think the rail motor-cars now used on the New 
York, New Haven & Hartford Railroad constitute an ex- 
ceedingly good beginning and that, as a foundation from 
which to work, a much better unit can and should be 
developed. But there is no use in disguising facts. If 
one will ride in one of those cars for a number of hours, 
one must admit that the wear and tear on one’s nerves 
is more than in riding on a steam car; and the patrons 
bring up that proposition. So, while we are working for 
more power, we need the greater flexibility together with 
perhaps a six-cylinder engine, because I believe that we 
should not consider more than six cylinders for some 
time to come. We must get a six-cylinder engine that 
is designed for rail motor-car service; this means con- 
tinuous heavy duty and not a light throttle and drifting, 
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ating standpoint, than a single-end car. We have ter- 
minals on our railroad where a car that could come in 
and shuttle out would be vastly superior to one that 
would have to go out to a turntable or a wye; in fact, 
it would be almost impossible to carry out some of the 
schedules that are contemplated for such a double-end 
car, when using a single-end car. 

The matter of cooling the engine requires special con- 
sideration. We find that the heavy, continuous service 
requires a greater ability to dissipate heat than in high- 
way cars. The matter of heating by utilizing exhaust 
gases efficiently and satisfactorily demands considerable 
study and arrangements that will keep gas fumes out- 
side of the car body are necessary and have not alto- 
gether been worked out. 

Table 1 gives data covering the revenue service up to 
recent date. Incidentally, the car had made considerable 
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Fig. 4—PLAN VIEW OF A 
slowing up for traffic or turning corners. It means 
full throttle the majority of the time. The engine must 
be designed for that usage not only from the angle of 
ability to stand up but with regard to minimum vibra- 
tion, which of course includes the suspension of the en- 
gine. That is important in a rail motor-car because of 
the sort of drumhead effect given by the roof, floor and 
sides of the car. 

Transmission systems should be designed to permit 
operating the engine at less than normal speed; that is, 
at favorable speeds for economy and quietness, when the 
demand on the engine is less than normal. For instance, 
a car may drift successfully for 15 to 20 miles down a 
water-grade. That should be done through a gear-ratio 
properly adapted; we should be able to let that car drift 
at less than the full engine-speed. The car may require 
only power enough to propel it from 20 to 30 or 35 m.p.h. 
but, if its engine must turn over just as fast as if it 
were making 35 m.p.h. on the flat, developing a corre- 
sponding horsepower, we get conditions of considerable 
vibration. I think that can be avoided in a measure 
through the use of proper gear-ratios, and we intend to 
conduct further experiments with our cars in that di- 
rection. 

As to the double-end car, I wish we could consider de- 
veloping cars now without that feature; but the oper- 
ating requirements in some localities are such that a 
double-end car would be much superior, from an oper- 
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TABLE 1—STATISTICAL DATA ON GASOLINE-DRIVEN RAIL 


MOTOR-CARS 
Car No. 
Items 9,000" 9,001 9,002¢ 
Placed in Service, 1922 Jan.4 Jan.18 Jan. 30 
Daily Total, miles 146 59 139 
Total Mileage to May 6, 1922 12,441 5,479 10,396 
Number of Revenue Passen- 
gers to May 6, 1922 11,115 6,822 11,013 
Average Number { Revenue 20.0 19.6 39.6 
of Passengers; Non-Revenue 8.5 3.8 3.6 
per Trip Total 28.5 23.4 43.2 
Total Number of Trips 533 366 301 
Total Delay during Period, min. 213 340 179 
Total Delay per Trip, min. 0.4 0.9 0.6 
Number of Stops per Day 42 12 25 
Car Trips Replaced by Steam 
Train 3 10 25 
Number of Trips per Day 6 4 4 
Average Speed, m.p.h. 23 25 20 


“ Operated 
’ Operated 
© Operated 


between Derby, New Haven and New Hartford, Conn. 
between Fairhaven and Tremont, Mass. 
between Litchfield, Danbury and Waterbury, Conn. 


gers Per Trip, the total average of non-revenue and 
revenue is 28.5 for Car No. 9000, 23.4 for No. 9001 and 
43.2 for No. 9002. Those are averages per trip, not the 
maximum on the car at any one time. Therefore, it will 
be noticed that two of the cars are handling on the aver- 
age from 3 to 12 people less than the nominal seating 
capacity of the car and yet, at times, the cars are badly 
crowded. The delays per trip are 0.4, 0.9 and 0.6 min. 
The average speed in miles per hour is shown at the ex- 
treme right; in most cases the cars run on an average 
from 35 to 38 m.p.h., because of the number of stops 
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those cars have to make. I rode in one car at 42 m.p.h., 
but that is too fast for comfortable riding, so far as en- 
gine vibration is concerned. 

Figs. 1 and 2 show studies that were made of wind 
resistance and are not intended to be anything except 
an attempt to show in a rough way the relation between 
wind resistance and the different contours of the frontal 
surface. Fig. 3 shows the horsepowers developed and 
their relation to the speed with the four-cylinder AC 
Mack type of engine. The vertical distances measured 
between the horsepower curves represent the rolling-re- 
sistance approximately, and it is important to note the 
rapid rise in proportionate power resulting from the en- 
gine, because of the fact that, in th: unit car, the rela- 
tion between frontal area and weight is very different 
from what it is in a steam train. The problem of wind 
resistance is real in unit-car resistance, whereas it is 
decidedly minor in steam or heavy electric types. 

Fig. 4 shows approximately our idea of the floor area 
and arrangement of the larger car that we feel would 
cover a very substantial field. That car would seat 15 
passengers in the forward compartment, which would be 
in the rear of the baggage compartment, and the seats 
would be used by the smokers; in the rear of that there 
would be seats for 40 other passengers. 

Fig. 5 is a cross-section of the car body, showing the 
lightness of construction that one must get into in de- 
signing bodies to keep within the power limitations of 
gasoline engines. At the same time it would give some 
insulation to help solve the heating problem and elim- 
inate vibration and noise. 


AUTOMOTIVE RAIL-CARS AND THEIR FUTURE 
DEVELOPMENT 


BY L. G. 


HE many improvements effected in gasoline-engine 

construction during the war for airplane, heavy 
truck, tractor and tank usage have done much toward 
making the gasoline-driven rail motor-car a practical 
possibility to-day. 

The gasoline-electric cars built by the General Elec- 
tric Co. are mentioned and light rail motor-car con- 
struction is discussed in general terms. Reliability 
and low maintenance cost are commented upon briefly, 
and the requirements of service for rail motor-cars are 
outlined. 


ROM the start, developments in automotive engi- 
K neering have inspired attempts to adapt the same 

principles of propulsion to railroad cars. There 
always has existed a field for equipment of this descrip- 
tion, due to the fact that the operation of a steam loco- 
motive and a train of cars involves certain elements of 
cost that cannot be curtailed in proportion to the size of 
the train; so, in passenger service, light local steam- 
trains have been operated at an expense that is excessive 
in proportion to the revenue received. It is only recently 
that the most vital factors contributing to the commer- 
cial success of the automobile truck have been applied in 
the construction of self-propelled rail-cars, but within the 
past year developments in this field have been moving 
rapidly toward a type of self-propelled car that can be 
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substituted successfully for a steam-train in certain 
classes of service. No recent development in railroad 
equipment has aroused such universal interest on the 
part of manufacturers and nearly all railroad depart- 
ments within a short space of time. The successful 
adaptation of automotive principles to railroad cars will, 
I believe, prove a very great benefit to the railroads in 
enabling them to reduce the cost of light local passenger- 
service and increase their gross revenue by augmenting 
and improving the character of this service. 

In view of these circumstances, the question arises as 
to why previous developments in this direction have not 
met with more permanent success, and it is still some- 
thing of a mystery why so obvious a solution of the 
problem as is found in the modern rail motor-car should 
not have been discovered earlier. But, before discussing 
the more fundamental causes that retarded this devel- 
opment, it is pertinent to say that our railroads have 
never been more severely pressed to devise operating 
economies than within the past year and have never been 
more keenly alive to the possibilities of any equipment 
designed to reduce operating costs. Coincident with this 
attitude, the situation with the truck builders has also 
been propitious for progress in this direction. 

During the period of the war, self-propelled rail-car 
construction came to a standstill, and many of the cars 
previously purchased by the railroads were withdrawn 
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from service, due to their high maintenance-cost and un- 
reliability in operation; but, while the war apparently 
retarded development along this line, in reality the many 
improvements effected in gasoline-engine construction, 
designed not only for airplane use but for heavy trucks, 
tractors and tanks, have done much toward making the 
gasoline rail motor-car a practical possibility to-day. In 
distinction from the relatively slow-speed heavy engines 
used originally in the McKeen and Hall-Scott cars, we 
now have in the heavy-duty truck-type of engine a very 
much lighter high-speed engine capable of exerting a high 
torque through a wide range of speeds. This has an 
important bearing on rail-car construction, not only on 
account of the reduced overall weight of the engine but 
because the reduced weight of the reciprocating parts 
obviates the difficulties occasioned in the earlier cars by 
the inertia of the heavy engine parts. This will account 
for some of the difficulties encountered on the earlier 
types of rail car which, although they may appear some- 
what crude in the light of present-day practice, repre- 
sented a real mechanical achievement at the time of their 
construction. 

This is illustrated best in the construction of the gaso- 
line-electric cars built by the General Electric Co. involv- 
ing the design of a special gasoline engine with two sets 
of four cylinders each, forming the V-type arrangement 
that has since been used extensively and indicating that, 
at the time these cars were first built, they embodied the 
most advanced engine construction available. Now, how- 
ever, the variable-speed characteristics developed in en- 
gines of the type now considered for gasoline-rail-car 
operation, together with the variable speed-ratios in the 
transmission mechanism employed with these engines, 
afford an element of flexibility in speed control that ob- 
viates the necessity for the interposition of electric drive 
from the standpoint of speed control; and it is believed 
that the additional weight and first cost involved in an 
electric generator and motors preclude the economical 
use of this form of transmission in rail motor-cars of the 
type now under consideration, 


LIGHT RAIL MoTorR-CAR CONSTRUCTION 


It is apparent, therefore, that from the standpoint of 
the motive-power unit, the type of rail motor-car now 
discussed is fundamentally different from that developed 
prior to the war and represents a distinct advance over 
these earlier cars. But while the development of light 
high-speed gasoline-engines capable of operating continu- 
ously under heavy loads has been advancing rapidly, there 
also has been under way a development, inspired partly 
by what the automobile builders have accomplished 
through the use of alloy-steels and also by the trend in 
street-railway-car construction toward lighter weight, 
such that the builders of this equipment are now able to 
design very light cars for operation where the power 
limitation is severe. One of the most remarkable exam- 
ples of this construction is a double-truck car-body weigh- 
ing 11,000 lb. that has seating capacity for 46 passengers. 
This car is 42 ft. long and has a baggage compartment. 
Broadly speaking, therefore, it can be said that the mod- 
ern rail motor-car is the embodiment of an improved 
powerplant and refinement in car construction. 

While it is believed that in the numerous designs of 
self-propelled rail-car in service or under construction 
there is available to any railroad a type that it would be 
justified in buying at present, it is admitted that the de- 
sign of these cars is still in a progressive state prin- 
cipally with respect to details in construction that will 
insure their reliability and low cost from a maintenance 
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standpoint, and also with respect to increasing the ca- 
pacity of the equipment. It is not possible to determine 
from the figures now available the largest number of 
passengers that can be handled more economically in self- 
propelled rail-cars than in a steam-train and, of course, 
this figure would depend upon local conditions, but it is 
safe to say that under ordinary circumstances, the opera- 
tion ef self-propelled cars with as many as 80 passengers 
would show a considerable saving over a steam-train 
carrying the same number of passengers. 

Although the question of using trailers or a single 
large car would need to be decided in this connection, this 
is not regarded as fundamental to the solution of the 
problem that, in reality, lies in the design of a motive- 
power unit of sufficient capacity without sacrificing any 
of the characteristic features in commercially available 
types. From a theoretical standpoint, the use of a motor 
car and trailers in place of a single large car will increase 
the frictional resistance and dead-weight per passenger 
slightly; but, practically, operating conditions peculiar 
to the railroad on which this equipment is operated will 
prove the determining factor, so that it would be a mis- 
take for any manufacturer who is looking toward the 
development of greater carrying-capacity in this type of 
equipment either to depend entirely upon the use of 
trailers or to commit himself to a design that would pre- 
clude the use of trailers. 

The application of more power to self-propelled cars 
presents a real problem, since there are few commercially 
available engines of the type adapted to this service that 
exceed 60 hp. at normal speeds. It is in this connection 
that the unit steam-car has an unique advantage, since 
it is capable of developing as much as 300 hp. with a flash 
type of boiler. While it is understood that the unit steam- 


-car has some very special advantages in connection with 


the subject of self-propelled cars, it is recognized that 
this type has reached a more advanced stage in relation 
to its ultimate development than the gasoline-engine car, 
so that further discussion of this subject will be confined 
to the latter type which must still be regarded as being 
in a formative stage. 

With gasoline engines of 60 hp., the best that can be 
anticipated appears to be a car that will seat approxi- 
mately 40 passengers, carry baggage and operate normally 
at a speed of about 40 m.p.h. To‘effect any considerable 
increase in the size of this car or render it capable of 
pulling a trailer at the speeds required in main-line serv- 
ice will necessitate more power, either through the use 
of a larger engine, which ordinarily involves special and 
expensive construction, or the use of two engines, which 
involves certain special problems in their control. As- 
suming that it were practicable to design an individual 
transmission of sufficient flexibility to enable the simul- 
taneous operation of both engines, and that it were pos- 
sible to control the operation of these engines satisfac- 
torily, the use of two 60-hp. engines would have a theo- 
retical advantage over a single engine of larger capacity 
since, whenever the power requirements dropped to the 
capacity of one engine, it would be possible to run a 
single engine at full capacity and thus realize more effi- 
cient operation than when a larger engine is operated at 
a fraction of its capacity. The gasoline consumption of 
a rail motor-car seating 40 persons and carrying baggage 
will approximate 0.2 gal. per mile, and it will be desirable 
to maintain a proportionally economical rate in larger 
cars. Another factor that should encourage development 
in the direction of using two engines is the element of 
reliability afforded by two independent driving engines 
since, ordinarily, one engine will continue to operate 
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should the other fail. Probably no other factor proved so 
discouraging to the successful use of both the McKeen 
and the General Electric Co. cars than engine failures en- 
countered in the operation of this equipment. 


RELIABILITY AND LOW MAINTENANCE COST 


Reliability and low cost from a maintenance standpoint 
as already referred to undoubtedly constitute the most 
difficult problems with which designers of this equipment 
will have to contend, since they are matters in which the 
railroads are most exacting. Maintenance of cars and 
locomotives already costs the railroads as much as either 
train wages or locomotive fuel, and any failures in train 
service add to this expense and the difficulty of operation. 
The problem is complicated further by the fact that 
equipment of the type under consideration often could 
be operated to the best advantage between points that are 
isolated from shop facilities. While the substitution of a 
hard and smooth rail would seem to facilitate the adapta- 
tion of automotive equipment to rail service, the absence 
of that element of flexibility afforded by a resilient tire 
operating over the ordinary highway surface in reality 
makes the adaptation of automotive equipment to rail 
service a more difficult problem. Not only do uneven 
joints and cross-overs introduce more severe vertical 
shocks, but abrupt changes in the alignment of the rail, 
as at switches and on curves, cause far more severe lateral 
shocks than are ever encountered in highway service. 
Moreover, the absence of any element of elasticity be- 
tween the engine and the driving-wheel tread, as pro- 
vided in automobile construction by a resilient tire, oper- 
ates against the efficiency of the gasoline engine that can 
be operated only to the best advantage when the trans- 
mission is capable of absorbing the ordinary pulsations 
of the engine and cushioning the shocks occasioned by 
any abrupt variation in the speed between the engine 
and the wheel tread. 

For these reasons it is believed that the most success- 
ful development in this class of equipment will tend 
teward standards in truck, axle and wheel construction 
that many years of railroad service have demonstrated 
as safe and economical; that the use of rotating axles 
mounted in special journal boxes fitted with frictionless 
bearings will become general; and that the most desirable 
form of transmission will prove to be one that is flexible 
with respect to the vertical and lateral blows transmitted 
through the driving-wheels. But in whatever develop- 
ment work that is undertaken, either in this direction or 
with respect to enlarged engine capacity, it is safe to say 
that the most successful results will be obtained where the 
experimental work is conducted in conjunction with the 
railroads. 

Finally, in discussing the future of the self-propelled 
rail-car, the question of greatest importance to the manu- 
facturer and of some moment to the railroads as it may 
affect the cost of this equipment, is the matter of produc- 
tion which, in turn, depends upon the prospective field for 
this equipment. It is not unreasonable to assume that in 
short-line railroad-service, wherever it is possible to dis- 
sociate freight-car movement from passenger service, the 
gasoline-driven rail motor-car will supersede the steam 
passenger-train eventually. The rate at which this trans- 
formation will take place will depend not only upon the 
finances of the railroad, but upon the attitude of the 
manufacturer toward financing this purchase. Reliable 
figures are available to show that wherever cars of this 
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description have been operated by the independent, short- 
lines, they have reduced the cost of operation in com- 
parison with steam service; and wherever the road was 
incurring a loss with steam service, the gasoline rail 
motor-car enabled it to make a net profit. Moreover, 
there are now available several types of car admirably 
adapted to any class of passenger service ordinarily oper- 
ated by the short-line railroads. 


TRUNK-LINE REQUIREMENTS 


Turning to the trunk-line railroads, the question can- 
not be answered as easily; first, because the railroads do 
not themselves know the extent to which self-propelled 
rail-cars can be substituted profitably for steam service 
and, second, because types designed to carry more than 
50 passengers at the desired speeds are not yet available. 

It is safe to say that there is an immediate field for 
possibly 1500 cars of the types already available. It is 
understood, of course, that many railroads will want to 
delay the purchase of these cars pending the development 
of new types, while others will want to observe the opera- 
tion of this equipment on other railroads before commit- 
ting themselves. Also, the question of financing the pur- 
chase of these cars will come up for consideration and 
it is reasonable to believe that, once a depreciation rate 
on this type of equipment has been determined reliably, 
some form of equipment trust applying to a number of 
these cars would facilitate their purchase. Altogether, 
the development is yet so new that it may be several 
years before we can look for any volume of purchases 
that mean the production of these cars on a large scale, 
despite the fact that a great field of usefulness awaits 
them, 


THE DISCUSSION 


R. B. ABBOTT’:—I am chairman of a committee of the 
Philadelphia & Reading Railway Co. on the question of 
the rail motor-car for use on branch lines. After we de- 
termine what type is best suited to our purpose, we will 
then make a study of all cars that approximate this par- 
ticular type. 

A car to suit our purpose must be capable of usage as 
a motor car with a trailer or, perhaps, another car in 
addition to the trailer, because the demands on our 
branches vary so on different days in the week and for 
different times of the day that a single unit car would 
not of itself solve many of our problems. The car must 
also be reasonably comfortable and not noisy or ill-smell- 
ing. It should, we think, be capable of control from 
either end, so that it will not be necessary to turn the 
equipment at the end of each run. 

G. C. HECKER’ :—When the electric railway people first 
adopted the light-weight cars, they worked on the theory 
that they would not replace the seats, seat for seat; that 
is, they would not attempt to give exactly the same ser- 
vice that had been given previously with large double- 
truck cars but, rather, increase the service considerably 
by running cars on closer headway. The people in the 
different communities found, after they overcame their 
first dislike for these cars that, perhaps, were not so 
comfortable as the large double-truck cars, that they were 
really getting much better service. On a branch line of 
a steam railroad where very infrequent service is now 
being given by steam operation, it might be possible, 
with the gasoline rail-motor-car operating in single-unit 
light-weight cars, to give a very much improved service. 
I believe the public can be made to realize that they will 
get very much better service if they will put up with a 
little less comfortable car. As the gasoline rail motor- 
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car is developed, there unquestionably will be many re- 
finements that will reduce the objections of the riding 
public to this form of transportation. 

J. E. BURRELL’: — The Pennsylvania Railroad has a 
committee that has been investigating the various types 
of rail motor-car that are in service at a number of 
points. The company does not operate any cars of this 
type on its lines. One car, however, is operated on a 
branch line by another company. The car is similar to 
those used by the New York, New Haven & Hartford 
Railroad, and it has been giving very good satisfaction. 
We are, of course, somewhat in the same position as the 
Philadelphia & Reading; we are trying to find the car 
that will suit our purpose best and, after ascertaining 
what car that is, we probably will install it on the line. 

ARTHUR J. SCAIFE:—It is our understanding that the 
great need to-day is for some kind of a combination bag- 
gage and passenger car that will take the place of the 
present equipment used on many short-line railroads 
where it is necessary to use a passenger car, a baggage 
car and a locomotive, with a full train-crew. This equip- 
ment cannot be operated without a loss and the company 
usually runs one train a day because it is required to 
do so. 

Very little work has been done on rail motor-car equip- 
ment by our company, and that has been only within 
the last few years. We are trying to find out first just 
what the requirements are with reference to seating 
capacity. It will be necessary to go at this proposition 
with an open mind. The thing that we have run up 
against is that men have been thinking in railroad terms. 
They immediately criticize a rail motor-car job and ask 
how it compares with the present railroad equipment and 
Master Car Builders’ standards. If the automotive rail- 
sar builders and the railroad operators go at this prob- 
lem with open minds, I believe that something can be 
accomplished. 

L. G. NILSON:—The present International car, which 
has a good appearance and is doing very well, naturally 
has the earmarks of the ordinary motor-truck. I believe 
that when we consider the larger sizes that the rail- 
roads undoubtedly want, we will come back to something 
like the McKeen car; that is, the power and transmis- 
sion, the whole drive and equipment should be on the 
forward truck or at least on one truck. The car body 
proper could be made very light, with a light trailer, ar- 
ranged so that it could be uncoupled in a very few mo- 
ments. In that way the power unit could be gone over at 
regular intervals once a week, or even inspected once a 
day, and it would not be necessary to tie up the car 
body. The car bodies could be run 24 hr. per day or as 
long as desired. 

I believe we will find that a driving unit of this kind 
equipped with spur gears will give better satisfaction 
than one equipped with bevel gears. The bevel gears are 
doing very well in ordinary sizes, but the use of too large 
sizes causes many difficulties, not so much on account 
of the gears as on account of the mounting. Unless the 
mounting and the housings are very rigid, the teeth sim- 
ply tear themselves out; with spur gears, there is less 
trouble of that kind. 

I would like to predict that we will see an internal- 
combustion engine almost as elastic as a steam engine in 
its action, possibly within 3 years. Then the problem of 
transmission and control will become very much easier. 

HENRI G. CHATAIN:—Some 20 years ago, Mr. McKeen 
induced E. H. Harriman to invest some money in the con- 
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struction of a rail motor-car that had a mechanical! drive. 
At about the same time*I persuaded the General Electric 
Co. to engage in the construction of gasoline-electric rail 
motor-cars. Mr. McKeen built some 150 to 200 rail mo- 
tor-cars and, I believe, they are in successful operation 
to-day. The General Electric Co. built 100 rail motor- 
cars and approximately 98 are in operation to-day. 

I have listened with great interest to the gentlemen 
who have spoken in regard to the number of miles that 
the newer types of car are making. It is interesting to 
know, and I think the information is correct, that one of 
our cars recently completed 1,000,000 miles in service, and 
there are a number of them that have gone over 600,000 
miles. 

At the time we began to build rail motor-cars, if we 
had had superintendents on the railroads who would 
listen to arguments in favor of light weight and not in- 
sist upon having many things hitched to the car that be- 
longed to the steam locomotive, we would have built 
small light cars a number of years ago. But the rail- 
road representatives could not agree with such a view- 
point, and I am not sure that they can agree to-day. Each 
superintendent wants a different kind of car. Some want 
trailers; some want to go faster, and others want to go 
slower. All of this involves differences in design and 
attendant high cost of production. 

Mr. Bean studied the proposition of the light-weight 
rail motor-car and has convinced me of its merits. He is 
willing to do without couplers and many other things, 
provided he gets a good and safe rail motor-car. 

I am not an advocate of the mechanical drive. I fol- 
lowed the McKeen rail motor-cars very closely and have 
the facts and figures covering thousands of miles of their 
operation and also similar data for the cars built by the 
General Electric Co., covering a comparable number of 
miles of operation. The mechanically driven car will op- 
erate on less gasoline per mile, but it will cost more for 
maintenance and repair, because it does not possess what 
I like to call “squashiness.” It is not an automobile 
with rubber tires, but runs on rails that are not flexible 
from the transmission viewpoint. No engineer has yet 
developed ways and means of attaining suitable flexibil- 
ity between the engine and the track, and this is the im- 
portant factor so far as the upkeep is concerned. 

The gasoline-electric drive has four points of ad- 
vantage: 


(1) The engine can be loaded at all times. As the 
gas engine is governed by changing its compres- 
sion, it is obvious that if it can be loaded properly 
at practically all speeds, and all through its op- 
erating range the efficiency can be increased by 
increasing its average working compression 

It is more flexible. The speed changes blend from 
one to the other because of the nature of the elec- 
trical units employed 

The prime-mover can be operated at a speed be- 
low its normal rate and yet maintain a high car- 
speed. The high engine-speed is maintained dur- 
ing the accelerating period and for grade work, 
but is reduced during the period of free running 
on the level or down a slight grade. These condi- 
tions can be well taken care of by the gasoline- 
electric drive 

(4) It makes possible double end-control 


I will not take any very decided stand on whether the 
transmission should be capable of a complete conversion 
of energy or not. I think that there are a number of 
transmissions that do not completely convert the energy. 
They possess all the desirable features such as the flexi- 
bility, loading and the various speeds of operation of the 


(2) 


(3) 
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engine, with but small losses of energy. The installation 
of an engine in a rail motor-car is an extremely difficult 
thing. It cost us a large sum of money before we found 
out how to do it. A combination of felt and springs 
seems to be the most effective; we are using it and it has 
been reasonably successful. 

We built eight-cylinder engines, but they are not as 
desirable as those of six cylinders or multiples thereof. 

The position of the exhaust is an important matter. 
Mr. Bean points out that there must be some means of 
preventing gaseous odors in the car, because they are 
very disagreeable to passengers. We tried every conceiv- 
able position for an exhaust and found that the best place 
to put it is directly overhead, with not too much muf- 
fler, so that the gases will go up as high as possible due 
to their velocity. Exhaust at the rear of the car is prone 
to roll up and come in through the back windows. 

The greatest need in the rail motor-car field to-day, to 
make it an economic as well as a manufacturing propo- 
sition and therefore desirable for both the manufacturer 
and the user, is the standardization of requirements. 
This probably can best be brought about by the Society 
working in conjunction with railroad representatives of 
authority. 

CHARLES O. GUERNSEY :—The gasoline-propelled motor- 
coach equipment should be only of such size as can be 
operated with commercially proved engines and handled 
by a crew of two men. With larger engines that have 
not been proved out in severe duty and under commercial 
conditions, we may get into some mechanical difficulty. 
For cars larger than can be handled by two men, the sav- 
ing in cost will not be sufficient as compared to steam 
equipment to justify the use of gasoline-propelled cars. 
Like any other broad statement, this is undoubtedly sub- 
ject to some limitation. 

Generally speaking, the gasoline engine above about 
5-in. cylinder-bore has not been proved in commercial 
automotive service. It is true that large engines have 
been used in various installations, such as aircraft or 
private yachts, but for such service the first cost, operat- 
ing cost and maintenance are not of prime importance. 
Engines of this type would not be satisfactory in motor- 
coach service. If we assume then a 5-in. cylinder as being 
the maximum that can be used safely, we are confronted 
immediately with a limitation of horsepower dependent 
upon the number of cylinders that are used. Four-cylin- 
der engines of this size have been well proved and un- 
doubtedly will be successful in this service. It is possible 
that some six-cylinder designs which are now on the 
market may also be successful. For larger powers, noth- 
ing has been developed as yet, and I doubt whether there 
will be a sufficient demand to justify the development of 
8 or 12-cylinder engines for this service, to say nothing 
of the complications incident to such a multi-cylinder 
design. If the foregoing assumptions are correct, we are 
limited in the case of a four-cylinder engine to about 70 
hp. as the maximum that is available; or, in case we ac- 
cept the six-cylinder design of about the same cylinder 
bore, we can expect to get about 100 hp. 

The designer of these cars should bear in mind that the 
car must represent a combination of automotive and rail- 
road practice. The railroad standards as to safety, com- 
fort, steadiness of riding and low cost of maintenance and 
operation must obtain. Because of the limited power 
available, the weight must be kept to a minimum. This 
indicates, therefore, the use of alloy-steels, light-weight 
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designs, anti-friction bearings and the like, as custom- 
arily used in automotive practice and as already proved 
in such service.- The weight of car that can be handled 
satisfactorily with the engines of the powers mentioned 
will depend, of course, upon the speed required, the road 
conditions, the number of stops and the acceleration that 
must be had. 

In general, it is my opinion that, with the four-cylinder 
engine, the outside limit of weight for general all-around 
satisfactory performance is about 18 tons loaded, and for 
the six-cylinder engine the outside weight should not ex- 
ceed from 22 to 25 tons. In a properly designed car the 
four-cylinder engine should handle about 45 passengers 
in combination with a baggage or express load of about 
1 ton satisfactorily. The six-cylinder engine probably 
would handle a passenger load of from 55 to 60 passen- 
gers in combination with about 2 or 3 tons of baggage. 

Demonstrations of a four-cylinder railroad motor-coach 
developing 61 hp. show the results given in Table 2. 





TABLE 2—ACCELERATION OF A FOUR-CYLINDER RAILROAD 


MOTOR-COACH' 
Acceleration from a Standing Start to Time 
Speed, M.P.H. Min. Sec. 

25 ea 30 
29 1 i 
35 2 nas 
41 2 49 

‘Light weight of car, 13 tons; loaded weight, 17 tons. 





The gasoline consumption varies from 5.2 to 7 miles 
per gal., depending upon the conditions. The normal 
speed of the coach at the rated speed of the engine is 
35 m.p.h. and the maximum speed with full load is 48 
m.p.h. The operating cost, including a crew of two men 
at standard wages, gasoline, oil, maintenance, deprecia- 
tion and interest on the investment, is about 29 cents per 
mile. This figure will, of course, vary with the local con- 
ditions. 

W. G. BESLER’:—In my opinion, there are certain 
places where a gasoline-propelled vehicle finds its proper 
application in railroad service, but in those cases where a 
cement highway costing from $40,000 to as high as $120,- 
000 and in some cases even more per mile, is constructed 
at public expense, paralleling a railroad, why should 
branch-line service, which is the only place where a gaso- 
line rail-car finds its proper use, he continued? In such 
an instance the railroad company had better stop opera- 
tions, invest its money in motorbuses and continue serv- 
ice upon a highway provided for it free of expense, than 
subject itself to the burdens of expense for rails, which 
require renewal, maintenance, supervision and all that 
goes with railroad service. 

GEORGE L. SHINN’:—Our designation of the practical 
application of the gasoline-driven rail-car at present is 
that it can be used with great advantage for light traffic 
conditions. I say this because on our road we have sub- 
stituted a White combination passenger-and-baggage car 
where we formerly used a steam locomotive and two 
passenger coaches to handle the traffic. We have not yet 
arrived at a definite figure but a conservative estimate 
indicates that, by the use of this gasoline-driven car, we 
will effect a saving of $15,000 per year. We believe that, 
by the use of this gasoline-driven rail-car, we are giving 
service superior to that formerly rendered, and we note 
from the expressions of opinion that have reached us that 
the patrons on the line are much better satisfied. We 
maintain the same schedule as when the steam trains 
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were in operation and find that we could give even greater make of motor-truck power-unit or chassis. One make 


service should it be necessary and desirable. 

The car that we have in operation is governed for a 
maximum speed of 33 m.p.h. and, due to its excellent ac- 
celeration and easy handling, we are maintaining the 
former steam-train schedule without difficulty and could, 
if desired, stiffen this schedule. We have no hesitancy in 
saying that our experience with the gasoline-driven rail- 
car is very satisfactory in every way. 

J. W. CAIN” :—In making our investigation of gasoline- 
propelled rail motor-cars for the member lines of the 
American Short Line Railroad Association, we did not 
go into the subject technically but, instead, considered the 
different cars more from the standpoint of practicability 
as evidenced by actual service. We approached the sub- 
ject from three different angles and our final conclusion 
was based on a summation of the information thus re- 
ceived. 

Our membership consists of some 500 different rail- 
roads located throughout the United States, and for a 
great many years they have been the proving grounds for 
the different rail motor-cars brought forth. Indeed, there 
has seldom been a gasoline-propelled railroad-car built 
that has not at some time or other found its way to one 
of these properties. We, therefore, had a source of ex- 
tremely valuable information and sent to each of these 
lines a questionnaire, of which the following are the prin- 
cipal questions: 

(1) Are you using motor equipment on your line, and 
if so what make? 
How long has it been in service? 


( 
( 


—_— 


9 
3) What is your average operating cost per train 
mile? 

(4) Approximately what mileage do you get per gal- 
lon of gasoline? 

(5) Do you experience any trouble from slippage in 
rainy or snowy weather? 

(6) Have you had any serious trouble from derail- 
ments on curves? 

(7) Of the different commercial designs now on the 
market, which do you consider the most satisfac- 
tory? 

(8) Do you expect to be in the market for rail motor- 
car equipment in the near future and, if so, what 
equipment will you need? 

(9) Give us your suggestions as to the necessary com- 
partments and toilets as suggested by the demands 
of your service or required by your State Railroad 
Commission 

There was a most gratifying response, indicating great 
interest in the subject, and from these answers we were 
able to arrive at certain definite conclusions. 

We have a used-equipment department in the Associa- 
tion, which is a sort of clearing-house among our mem- 
ber lines as well as some of the trunk lines, and from this 
we secured a tabulated list of all the rail motor-cars of- 
fered for sale. This threw a most interesting spot-light 
on the entire subject. 

We made a personal inspection of the most successful 
cars available and spent a great amount of time in making 
demonstrations and in looking over the manufacturing 
facilities of the firms proposing to build them. There 
were some cars offered that we did not examine because 
we considered them impractical or not soundly financed. 

Summing up these three phases of our investigation, 
we found that the most successful cars in service were 
those of light design, using a thoroughly tried and proved 


_ 1° Manager of purchases, American Short Line Railroad Associa- 
tion, City of Washington 


in particular showed a preponderance over all others in 
the ratio of probably 5 to 1. We were furnished records 
of cars that had made as high as 300,000 miles, and been 
in practically continuous service for a period of 5 years. 
The operating cost varied from 10 to 25 cents per mile, 
and the gasoline consumption from 5 to 10 miles per gal. 

We found the maintenance cost surprisingly low, aver- 
aging about $15 per month on these smaller-type cars 
and only slightly above this on the larger ones. By 
smaller type I mean those using a 21% or 3-ton motcr- 
truck chassis, and by larger cars those using 5-ton 
chassis. The operating cost of 10 cents per car-mile was, 
of course, confined to the former, which were being oper- 
ated ‘by one man. But some of the larger types using 
two men were being operated as low as 20 cents per car 
mile, as given in Table 3. 

The figures in Table 3 were made on a basis of $12,500, 


the purchase price of the car, and an operation of 100 
miles per day. 


TABLE 3—COST OF RAIL MOTOR-CAR OPERATION 


Cost per Mile 
Gasoline $0.030 
Labor, two men at $125 per month 0.085 
Depreciation, rate 12% per cent 0.042 
Interest and Insurance 0.022 
Maintenance 0.021 





$0.200 


It was revealed that the majority of cars on the short 
lines were being operated most successfully by younger 
men, who were trained as mechanics and who were thus 
able to take care of practically all of the necessary light 
repairs. I think this point should be emphasized strongly, 
as the labor cost is one of the principal single items in 
the operation of rail motor-cars, and the payment of 
standard wages would defeat the object to be accom- 
plished. At least this is true on the short lines. We 
take the position that the operation of these cars does not 
require the skill or training necessary to operate a steam. 
locomotive. They have never been classified by the Inter- 
state Commerce Commission, and I feel sure that our 
position would be upheld. 

The consensus of opinion was that all cars should be- 
equipped with a pivctal lead truck for safety and that a 
single pair of drivers with the proper weight distribution 
gave satisfactory service, though the riding qualities of 
the car were naturally not as good as though a four-wheel 
truck with swing bolster were employed. 

The different rail motor-cars offered through our clear- 
ing-house revealed that practically every road owning the 
old heavy and now obsolete types, some of which are not 
now being built, desired to sell them at prices ranging 
from $500 up. Of all of the cars offered, however, there. 
was not a single one of the modern light adapted truck 
type. 

In our personal examination and inspection of the <if- 
ferent cars offered, we found that the light six-whee! type. 
cars up to a length of 36 ft. and a weight of about 20,000 
Ib. could be operated successfully at a speed of from 30 to 
35 m.p.h., making from 5 te 6 miles per gal. of gasoline. 
Beyond this, there is too much vibration, and the single- 
driving-wheel arrangement makes the car ride uncom- 
fortably ; but for a capacity up to 35 passengers and about 
2000 lb. of baggage, we found this the most successful 
car of the present time. Above this capacity, we exam- 
ined a car 43 ft. in length, equipped with two four-wheel 
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pivotal trucks that was capable of making a maximum 
speed of slightly better than 40 m.p.h., at which speed it 
rode very comfortably. The weight of this car was about 
30,000 lb. 

In conclusion, I believe that these cars will prove the 
salvation of many short-line railroads, as well as the 
branch lines of the larger systems; and, as a large num- 
ber of our member lines have stated, they have changed 
their figures from red to black. While the cars that we 


have been discussing are absolutely successful and will 
faithfully perform the duties imposed on them, I feel that 
efforts should be expended toward the development of a 
higher-powered engine, as the present ones have none to 
much power. I do not mean to increase the bore of the 
cylinders or go to the slow-speed marine-type of engine; 
but, instead, to increase the number of cylinders and ad- 
here strictly te the successful and proved type of auto- 
mobile engine. 


HOT-SPOT METHOD OF HEAVY-FUEL 
PREPARATION 


(Concluded from p. 476) 


lutely preventing crankcase and cylinder-wall lubricant- 
dilution. 

Successful application of the separating hot-spot de- 
mands only an ordinary knowledge of the laws of physics 
relating to heat, and presents much less difficulty than 
a number of other problems that our automotive engi- 
neers have solved. It is only a question of getting an 
adequate heat-supply from the exhaust and of excluding 
heat communication from other sources. As suggested 
in the foregoing, the entrance-air temperature should be 
the lowest that can be obtained, and care should be taken 
to avoid conduction of heat to the intake system beyond 
the hot-spot. In particular, careful attention must be 


given to the heat insulation between the heating surface 
and the remainder of the enclosing walls of the intake 
system, as a tremendous amount of heat can be con- 
ducted across the ordinary flange-joint. 

Our experience indicates that the separating hot-spot 
should always be located in the main exhaust line and 
that it is hopeless to attempt to pipe the exhaust across 
a T-head engine, or the like, as the temperature drop will 
result in too low an exhaust temperature at the lower 
speeds. Also, the actual flow of exhaust to the hot-spot 
will be a function of the muffler back-pressure, which 
will result in exaggerated temperatures of the mixture at 
high car-speeds. 


DURALUMIN 


(Concluded from p. 480) 


and length to do more than describe the physical and 
metallurgical properties of duralumin and touch on some 
of the applications of interest to the Society. However, 
the automobile engineer should realize that now he can 
avail himself commercially of this extraordinarily light 
yet strong material as the aeronautical engineer has 
done. The development of the Zeppelin was dependent 
upon the development of duralumin, and the rapid prog- 
ress of the all-metal airplanes since the war has been 
due largely to the commercial availability of the same 


metal. While the automobile is not as dependent as the 
airship or airplane upon a material of this class, never- 
theless modern automobile design tends toward the elim- 
ination of unnecessary weight. The extensive introduc- 
tion of duralumin into automobile construction, especially 
in unsprung and reciprocating parts, will permit of a 
complete redesign, effecting economies that will offset its 
greater cost as compared with steel. Such a car will 
bring nearer the ideal combination of road performance 
and economy of upkeep and operation. 
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the meeting of the Detroit Section held Sept. 29, 

1922, following the presentation of the paper 
bearing this title that was prepared by A. A. Bull for 
the 1922 Semi-Annual Meeting of the Society. An ab- 
stract of Mr. Bull’s paper precedes the discussion. Mem- 
bers who desire to refer to the complete text as originally 
printed and the illustrations that appeared in connection 
therewith will find these in the June 1922 issue of THE 
JOURNAL. 


4 hes subject of oil consumption was discussed at 


ABSTRACT 


i Bex object of the paper is to consider some of the 
fundamental factors that affect oil consumption; 
it does not dwell upon the differences between lubricat- 
ing systems. Beyond the fact that different oils ap- 
parently affect the oil consumption and that there is a 
definite relation between viscosity and oil consumption, 
the effect of the physical characteristics, or the quality 
of the oil, does not receive particular attention. 

The methods of testing are described and the subject 
is divided into (a) the controlling influence of the pis- 
tons, rings and cylinders; (6b) the controlling influence 
of the source from which the oil is delivered to the 
cylinder wall. The subject is treated under headings 
that include the piston-ring; the effects of oil-return 
holes, side-clearance and ring motion; thin rings; in- 
fluence of piston fit; efficiency of the scraper-ring; ring 
and cylinder contact; carbonization and spark-plug 
fouling; oil-supply control; influence of oil viscosity; 
effects of dilution; external oil-leaks and breather dis- 
charge; and influence of controlling lubrication in pro- 
portion to throttle opening. 


THE DISCUSSION 


A. L. CLAYDEN:—I have devoted much thought to 
scraper-ring action, because there seems to be so much 
difference of opinion about it. It appears possible to me 
that in some cases it would work effectively and in others 
be actually detrimental. The ring mentioned is arranged 
at the bottom of the skirt so that it runs half out of the 
bore. It is useless unless it does run half-out, because 
there is no space for the oil it drives before it to escape. 
I wish to emphasize that on the down-stroke of the 
piston the scraping action of the lower one of the sev- 
eral compression rings builds up a very high pressure in 
the oil-film that is being scraped before it; so, even if 
the cylinder film is not any too complete, that scraping is 
enough to insure that the space behind the ring will be 
completely filled with oil. The depth of the space be- 
hind the ring is probably not a very important 
function, with the amount that is pumped, because 
if you regard the piston-ring as a pump piston or as 
a valve, it will only pass the quadrant, or 90-deg. posi- 
tion, of its stroke. But one can be sure it will be fed 
full, all it can take; hence the extreme value of the relief 
holes or grooves immediately beneath the ring and the 
great value of the ring with sidewise expansion; by 
“sidewise” I mean fitting the groove expansion. 

The crank drilling that Mr. Bull mentioned is prob- 
ably one of the most important things to study. To 
some slight extent, a study of the development of various 
aviation engines was made. It was found to have a very 
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profound effect upon the oil consumption and on the 
lubrication of all parts of the engine. In fact, all kinds 
of changes could be made by simply moving the hole 
around the pin. In many of certain new engines, we 
finally hit upon a 90-deg. position as giving the desired 
results; but, of course, a very considerable quantity of 
oil must circulate for the purpose of cooling. 

O. C. FUNDERBURK :—I was connected with the designs 
of some marine engines ranging in cylinder size from 
614 to 734 in. and developing from 300 to 450 hp. In the 
multiple-bearing crankshaft we used, it was necessary on 
account of the high powers to carry oil pressures in each 
individual crank control. That is, we would have to cut- 
off the communication all of the way through the shaft, 
as is apparent in the Liberty engines because of this long 
crank-arm. We run this 7% by 9-in. engine at 1650 
r.p.m. The centrifugal force and the load constitute very 
large factors in the distribution of the oil, and cause 
over-oiling in the particular cylinder that has the loosest 
journal and crankpin bearing. We found it necessary to 
put a plug in the main-bearing journal of the crankshaft 
and to make individual crankpins for each cylinder. That 
greatly decreased the over-oiling in any cylinder where 
there were loose bearings in proportion to the adjacent 
cylinder. We found also, as Mr. Bull did, the necessity 
for moving the oil-hole from the outer position on the 
crankpin to an inward position. The position we use is 
10 deg. from the underneath position. That, we found, 
made a great difference in the distribution of oil. We 
also found a great change in consumption due to pressure. 
We have experimented with pressures of from 10 to 250 
lb. per sq. in. We found that a pressure of about 30 lb. 
per sq. in. gives the highest horsepower with the best 
oil-consumption. The excess power required to drive the 
pumps at the exceedingly high pressure and the cooling 
of the oil absorb sufficient power to note the difference 
on the dynamometer. We obtained the best oil-consump- 
tion in our engines when the oil had a temperature of 
about 108 deg. fahr. The temperature sometimes ranged 
from 100 to 120 deg. fahr. with Mobil-Oil B, and Veedol 
extra-heavy. The temperature of the oil ran as high as 
150 deg. fahr. and there was a marked increase in the 
consumption. If the oil was colder than 80 deg. fahr., 
we found an excessive amount of oil on the spark-plugs. 
This proved very conclusively Mr. Bull’s statement that 
the film of oil on the piston, if three rings on the top and 
one scraper ring are used, could not be discharged on the 
ring, and the unit pressure between those upper and 
lower rings. would discharge it on the piston. As soon 
as we got temperatures of the oil as low as 50 deg. fahr. 
the fouling of the spark-plugs with over-oiling became 
very much more apparent. 

T. J. LitLe, Jr.:—I am not a believer in the velvet, or 
rough, finish on the cylinder bore that some companies 
have practised, and the rough rings. At least one engine 
company in this Country has practised finishing the bore, 
grinding it four times and honing the surface. The final 
honing operation is done with a stone of very fine grade, 
leaving the cylinder wall in a polished condition. Many 
of us have looked into engines after they have been 
driven several thousand miles and greatly admired the 
boring. That is the way it should be done at first, and 











the pistons and rings should not be used as laps to do it. 

A thick piston-head is necessary if a cast-iron piston 
is to operate very satisfactorily in a passenger car. Un- 
less a thin-headed piston is used, the piston is heavy and 
the engine vibrates excessively. Therefore, I do not be- 
lieve in using cast-iron pistons. 

There has been a very great development in aluminum 
pistons recently in this Country. I refer to the aluminum- 
alloy pistons containing about 10 per cent copper, and 
heat-treated to increase the hardness from 75 to 80 up to 
175, almost as hard as cast iron. That has an indirect 
bearing on this whole problem, because when a light 
piston of great hardness is produced, the ring grooves 
will not wear. It is when the ring grooves wear that the 
engine starts to pump oil excessively. 

We all know that, if the depth of the ring is increased, 
its life is increased, for it will not wear the groove wide 
so quickly. Many companies are careless in fitting the 
ring in the groove. Some rings are tight and some are 
loose at the start, right from the factory. The inertia of 
the ring hammers the groove wide, particularly where 
the former does not fit tight. 

The construction of the ring itself affects oil consump- 
tion most. A plain one-piece ring that has a real scrap- 
ing-edge on the bottom will control the oil-flow. I do 
not mean the conventional 90-deg. corner, but that if 
the ring is cut in at an angle and a scraping edge is 
established at the lower side of the ring, the oil consump- 
tion will be changed wonderfully. On a given engine 
that is consuming oil at the rate of 1 gal. per 300 to 400 
miles, the oil consumption can be decreased to 1 gal. per 
2000 miles by simply modifying or sharpening the scrap- 
ing edge of the bottom of all of the rings. The scraper 
ring does the most good when a line is cut under the 
edge of the piston. In other words, if the piston is right 
up to size, if the liner under the piston ring, the lower 
ring, is the same size as the rest of the skirt, it does 
little good. But if that point is cut under, its efficiency is 
increased greatly. 

If a little gash is cut in the lower part of the ring 
at rather an acute angle the scraping effect is very 
marked. It is just like that of the ring itself, and it 
does not provide any oil-holes in through the cylinder 
or employ these in every ring. We experimented on the 
dynamometer about a month to determine this angle. 
We varied it every 5 deg. and the difference in the 
scraping effect was remarkable. With an acute angle I 
think there is a certain flexing of the edge. In other 
words, it acts like a chisel going down an oil-stone; you 
can scrape all of the oil ahead of it, and leave the oil-stone 
dry. But if a plain piece of metal with a square edge is 
put down there, it will leave a film of oil. 

CHAIRMAN GEORGE E. GODDARD :—I think that the great 
advantage of that angle feature is that it provides an 
edge which sharpens itself. 

Mr. LiTLE:—I believe that the greatest scraping, of 
course, is on the lower ring below which there is a gash 
right through to the interior, but no small holes. We 
had difficulty in getting enough oil through the holes. It 
is an expensive operation to cut a little slot around the 
skirt and drill a number of little holes in it. A gash cut 
right through is, I think, the best construction. It is 
used very largely on the aluminum-alloy piston and is 
very effective. 

Mr. FUNDERBURK :-—In connection with the discharge 
of oil from the rings through the holes, we have had the 
experience Mr. Litle relates. We started with 12 No. 40 
drilled holes below the scraper hole. That was the third 
ring from the top. We have increased the size of those 
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holes, and finally we have now 22 holes of 3/16-in. diam- 
eter, which, of course, is greatly in excess of the area of 
the annulus represented by the clearance between the 
cylinder and the piston. 

In a design we prepared for the Government we inau- 
gurated some experiments in which we ran the shaft on 
the same bearing pressure as when the engine was on 
full power. We found it necessary in connection with 
the oil pressure to use a refrigerating system to cool the 
oil, so that we could lubricate at very high speed without 
scoring; the bearing is 514 in. in diameter and runs at 
1400 r.p.m., which is far above anything in my experi- 
ence which had been undertaken in our line before. 

J. E. WHITE:—We find in many cases that, if some of 
the so-called heavy oils are used, the engine cannot be 
cranked at more than 30 to 40 r.p.m. If an oil that has 
the proper base is used in winter, one can get as high 
as 50 or 60 r.p.m. I am speaking of the Packard, the 
Lincoln, the Cadillac and the Lafayette types of engine. 

L. M. WooLSON :—So far as the minimizing of oil con- 
sumption goes, we have found that we can get practically 
anything we want. We can get an engine to run 5000 
miles per gal. of oil if we so desire, or we can do even 
better than that. But the fact of the matter is that an 
allowance must be made for sufficient oil-consumption so- 
that the average owner will maintain his oil supply. We 
have had owners proudly boast about running 10,000 
miles and not using a drop of oil. To avoid that condi- 
tion, we have fixed our engines so that they will use 
some oil. That is the only possible way of getting fresh 
oil. We must have fresh oil until we get this dilution 
problem solved. I think that none of us is really work- 
ing on this dilution problem as seriously as it deserves. 
There are two general ways of keeping the oil consump- 
tion down, but I think we cannot use either of them until 
we get the dilution problem solved because a job that 
will run 5000 to 6000 miles per gal. of oil in the course 
of the use of a car by the average owner, will be ruined 
in fairly short order, especially in the cold winter months. 

To my mind there are two ways in which we can really 
control the oil consumption best; by baffles and by 
scraper-ring construction. We used a scraper-ring con- 
struction on high-compression engines with very great 
success. If we go too low with the oil-consumption we 
find we get into trouble from hot pistons and hot ex- 
haust-valves. In high-compression aviation-engines some 
oil must be passed into the combustion-chamber to keep 
the exhaust-valves cool. 

The ordinary type of baffle consists of a slotted plate 
fitting the cylinder bottom, the rod working through the 
slot. A baffle like that is worse than useless, because of 
the high velocity of air going by the slot which results 
in carrying a great quantity of oil with it, and the result 
is that instead of decreasing the oil supply it is generally 
increased. If the baffles are arranged in the form of 
semi-circular guards that have the crankshaft center as 
their center and these guards are extended over the ends 
of the connecting-red bearing, the oil can be practically 
prevented from reaching the cylinder. I do not know 
why that is not a very much better way than trying to 
get extremely accurate fits between the piston-rings and 
the cylinder and the ring grooves, which cannot possibly 
be maintained during thousands and thousands of miles 
of travel. 

We have been taught for many years that the place to 
feed the oil is on the slack side of the bearing; yet Mr. 
Bull tells us that the place to feed it is on the tight 
side or, in other words, so that the bearing will plug up 
the hole. I have had some intensely practical experience 
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with just that construction which enables me to make 
such a positive statement that, from a bearing stand- 
point, it is positively the worst thing one can do. 

We had a 600-hp. aviation engine on a 50-hr. test. At 
the end of 25 hr. we found the bearings in pretty bad 
shape. We then went through this same analysis of 
bearing pressure that has been discussed and found just 
what Mr. Bull found. Therefore, we decided to put the 
hole just where he said we must not put it, on the slack 
side, so that we would surely get plenty of oil there. We 
ran that engine another 25 hr. with new bearings and 
the new oil-hole location but everything else the same, 
and those bearings stood up. Since that time we have 
always located the oil-feed holes on all our jobs at 45 
deg. leading, which represents the zone of least pressure. 
That gives us an ample flow of oil through the bearing, 
and helps to dissipate the heat. You can trap the dirt 
just as well by pressing a tube in the oil-hole as long 
as desired. 

F. E. WATTS:—I think that the principal value of Mr. 
Bull’s paper is possibly not in the conclusions he reaches 
so much as in the method he follows. I believe it is the 
method that must be followed in working out the oil 
problem in any engine. He starts with the oil coming up 
to a point where it can possibly be drained without giving 
any trouble. Then he follows that oil through all of the 
various passages and the places it can go to get into the 
cylinder. I believe that is the way we must lay out any 
engine. Lay it out on paper and theorize upon it. Pos- 
sibly, make models and study them as much as you study 
the engine because, if the engine once gets to running 
at high speed, so many things happen in it that the dif- 
ferent things cannot be segregated. 

I believe that the ideal oil-consumption at present is 
about 1 gal. per 1000 miles. Keeping between that figure 
and 1 gal. per 400 to 500 miles is doing pretty well. Using 
large quantities of oil keeps the grit out of the cylinders 
and the bearings, and the engines last enough longer so; 
that pays more than the oil costs. It is perfectly easy to 
study the combustion-chamber and locate some point in 
it where the spark-plug will keep reasonably clean even if 
there is a quantity of oil coming onto it. 

CHAIRMAN GODDARD:—lIn some of our experiments for 
reducing oil consumption we got so low on the oil that 
we began to get spark knocking. We found that the 
amount of oil had been cut down so that the carbon de- 
posit we get from the poor gasoline was not moistened. 
I think that with filtered gasoline we get better results 
than we do, even to-day, with hot-spots and the like. Our 
experience is that there must be a little bit of oil in the 
combustion-chamber to keep the top of the piston moist. 

H. S. MCDEWELL:—As some of you may know, in the 
Navy Liberty engine a scraper with holes is provided. 
The oil consumption was reduced as a result of that. The 
1700-r.p.m. consumption was cut from 14 to between 5 
and 7 lb. per hr. In starting that work we went through 
a rather laborious research to determine what shape that 
scraper ring should have, and as to whether this feath- 
ered ring was sufficiently better to warrant the increased 
cost of production. Therefore, we devised a hot plate 
and a block of 1-sq. in. section. One edge was right- 
angled, another edge was at 16 deg. and the third edge at 
30 deg. We provided a load such that the pressure 
would be 8 lb. per sq. in., which is the rate of pressure 
on the piston-rings. We then measured the thickness of 
the oil-film, and scraped this slot across the plate, which 
was maintained at a temperature that we assumed to be 
practically that of the oil-film. We found that under 
the same unit-pressure, while there was a difference in 
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favor of the sharp edge, it was not sufficient to pay for 
the increased cost of producing such a ring. Conse- 
quently, we adopted the small square ring; and it pro- 
vided ample space into which to scrape the oil and ample 
drain-holes. The size of the hole we used was 3/16-in, 
in diameter. We used 14 of them. I think the cause of 
the failure of holes of very small diameter is the high 
surface-tension of the oil, so that an oil-film bridges 
across those holes and offers too much resistance to the 
flow of oil draining out to the other side of the piston. 

Particularly in the aluminum-alloy piston with cast- 
iron rings the thing that must be guarded against is not 
so much the initial clearance as the differential clear- 
ance; that is, the increase in the clearance that is due to 
the different ratios of expansion, the coefficients of ex- 
pansion of the groove and the ring. The narrower the 
ring is, the less the actual change in the clearance will be. 
Consequently, very much better results are obtained with 
the narrower rings. 

In regard to the location of the scraper ring at the 
bottom of the skirt, it has always seemed to me that this 
would be very analogous, in the case of steam-engine 
practice, to installing some device to prevent lubrication 
of the crosshead. The piston, or the skirt portion of the 
piston, is the crosshead in the gas engine and it should 
be lubricated. The same thing applies to the use of baf- 
fles to prevent the throwing of oil up from the crank- 
shaft. The real solution is to prevent the oil from work- 
ing past the piston-rings, and to provide ample lubri- 
cation for the crosshead surface itself. 

Mr. LiTLE:—Placing the feather edge in the bottom of 
the ring requires 14 sec. for the actual operation. I 
would rather determine its value by: actually knowing 
how long and how well it produces on the job than in a 
laboratory machine such as Mr. McDewell used for that 
purpose. 

I agree that the piston and the edge of the crosshead 
should be oiled copiously. I think it is not advisable to 
place guards around the bearings to prevent the oil from 
splashing up into the cylinder bore. - It should be just 
slathered with oil. There should be plenty of oil for the 
cylinder and plenty of oil to pass to the skirt of the 
piston. The rings should be used to control] passage of 
the oil. 

My experience with engines that use 1 gal. of oil every 
300 to 400 miles is that they are using too much oil. It 
requires too frequent visits to the service-station to have 
the carbon cleaned out. a 

CHAIRMAN GODDARD :—We were ready to put in baffle- 
plates but found that in using the aluminum piston with 
the large slot we kept the oil down enough so that we 
did not need them. Also, we are driving away more cars 
than ever before due to the railroad congestion and it 
would not be well to keep cylinder lubrication down in 
these new cars that many times are abused by irrespon- 
sible drivers. 

We have, however, provided a place in the cylinder 
where baffles can be added after 5000, 10,000 and 15,000 
miles, to keep the oil consumption down if this becomes 
necessary. By using a volume of oil, the oil lasts longer, 
and it will stay in better condition. Some of those here 
have spoken about the rings with the scraper groove in 
them being in the bottom groove of the piston. I as- 
sume that they mean the lowest groove above the wrist- 
pin. Our experience has been that, if they are put there, 
not enough oil gets above them to lubricate the two upper 
rings satisfactorily. Our practice in using scraper rings 
has been to put them in the top groove, but we could not 
always get enough drain-holes in there. 











A. A. BULL:—It is unfortunate that in considering this 
question of oil consumption we are usually inclined to 
pick out some particular feature, instead of trying to 
consider the matter as a whole. Consequently, as has 
been evident, in almost every instance, changes or modi- 

cations may, under some conditions, prove absolutely 
ineffective under others. 

The thing that counts is what happens in service. The 
purpose in locating the oil-discharge hole as I recom- 
mend is to get a condition that will exist throughout the 
life of the engine regardless of the bearing clearance. 
In other words, there is a certain discharge from the 
crank when the engine is new, and it is desirable if pos- 
sible to keep that quantity of discharge the same regard- 
less of the bearing fit. It is inevitable that the bearing 
will get loose. If you have an excessive bearing-clear- 
ance there is absolutely no guarantee that the oil will 
reach the place where the bearing pressure exists for the 
greater part of the time. 

So far as providing adequate lubrication is concerned, 
the time that you get the discharge is when you change 
the direction of the pressure on the crankpin due to 
the influence of the pressure in the cylinder; the greater 
the load is, the greater the interval will be; conse- 
quently, the greater is the supply of oil. Mr. Woolson 
said that it was shown that the bearings on some engines 
do not stand up as well. I maintain that was not because 
there was not sufficient lubrication or that the oil was not 
sufficiently distributed, but rather that the temperature 
reached under these particular operating conditions re- 
quired a larger portion of oil to be circulated. That may 
be because the clearance was inadequate. We must rec- 
ognize that high temperatures call for a different clear- 
ance. 

We must have a definite amount of lubrication in the 
cylinders. I grant that absolutely. But again I say that 
if, when the engine is first built, the lubrication given 
the cylinder is a definite amount, and if we agree that is 
sufficient, all we want to do is to maintain it. In placing 
the oil-hole at the top of the pin there is no question that 
the discharge from the cylinder increases as the bearing 
wears. If, in order to control the oil going into the cyl- 
inder, baffle-plates are placed over the bearings, the effect 
of which is to do just what we are trying to do with the 
oil-hole location, I would like to know how we expect, 
when the engine is new, to get any oil in there at all. 
Under conditions where the job is new, we should have 
the most oil; and, after the engine is worn, we need the 
least. With the ordinary construction and oil-hole loca- 
tion, we take steps to give it more when it needs less. 

On the question of how much oil we should use, I be- 
lieve that 1 gal. per 1000 miles is good all of the time. 

On the question of ring wear and piston hardness, I 
am a champion of the aluminum piston. Mr. Litle be- 
lieves that we will eliminate the troubles with an alu- 
minum piston in regard to the side clearance of the ring 
when we make the piston as hard as cast iron. My argu- 
ments on this are that, while we may do things to the 
piston and rings that will more or less limit the wear, 
sooner or later it will occur. What I would like to do, 
if possible, is to provide something that will take-up wear 
automatically and maintain the condition that we know 
should exist. 

We argue that making the ring thinner will reduce the 
force of inertia that is responsible for the wearing down 
of the grooves. If that is the predominating cause, why 
is it that the top ring in the piston, and the second ring, 
will invariably wear at a considerably greater rate than 
the rings below it? I have seen instances where, after both 


December, 1922 
THE JOURNAL OF THE SOCIETY OF AUTOMOTIVE ENGINEERS 





top rings were worn as much as 1/32 in., the third ring 
was in fair condition and the bottom ring in the same 
piston and subject to the same inertia process practically 
in the same condition as when originally installed. I 
think that there are some other factors affecting this 
wear that we do not appreciate fully. 

As to properly finished cylinder bores, I used to argue 
that it is useless to put on a very fine finish and make a 
nice round cylinder bore, because I did not know just 
what the shape of the cylinder would be under operating 
conditions. Subsequently, in the development of pistons, 
we found that the cylinder was a peculiar shaped one 
under operating conditions. Afterward, we made an en- 
gine with cylindrical sleeves the same thickness all of the 
way around and machined both inside and out. Then we 
found that whatever we put in the cylinder to start with 
was maintained pretty well under operating conditions. 
Rings and pistons that would not produce a compres- 
sion in the ordinary cylinder, no matter how well it was 
finished, would work perfectly well in the inserted-sleeve 
type of cylinder bore because, under the conditions in 
which the engines were operating, we had a fairly con- 
stant relation between the ring and the cylinder. 

In an experiment we made 4 or 5 years ago, we drilled 
a number of holes in a piston immediately below one ring- 
groove. We put in the ring with just an ordinary me- 
chanical fit, cleaned the piston on the inside and painted 
it white, so that we could trace the flow of oil through the 
holes. We made a partition on the bottom to prevent 
any oil from being splashed inside. We ran this piston 
in the cylinder until there was evidence of oil passing 
up to the top surface of the piston. We expected, of 
course, to find that the oil had been scraped off the cylin- 
der wall by the ring and pushed through these holes, but 
the oil was not there. It did not push through until we 
made the ring a real tight fit in the groove. When you 
make a large hole or slot such as you have with the slip- 
per type of piston, it makes it that much easier for oil to 
pass through. Probably it will be more effective than 
the ordinary ‘4 or 1/32-in. holes would be under the same 
running conditions. 

I made a fairly definite statement in my paper to the 
effect that I do not believe piston clearance of itself has 
anything to do with oil-pumping. I think that the fit 
of the piston in the cylinder does have an effect on the 
way the ring functions. In that respect I agree that the 
location of the piston-pin has considerable to do with that 
because, if you have 0.006-in. clearance and the piston- 
pin is located near the top of the piston, the angle of the 
piston in the cylinder will be much greater than if that 
same piston were provided with a pin in the middle of 
its bearing face. There is a too prevalent opinion that 
this question of clearance is the real cause for oil-pump- 
ing. Let us consider for a moment the sloppy type of 
piston. It is exposed completely on two sides. The oil- 
film would come up 1% in. thick if it could, but it cannot. 
If it be true that clearance in itself will permit a larger 
quantity of the oil to cling to the walls, then I would say 
that the slipper type of piston would be a very poor job 
from the standpoint of oil-pumping. Yet it has proved 
to be very good and for no other reason, in my opinion, 
than that it is much easier with a large clearance actually 
to displace the oil-film or roll it up off the cylinder bore 
and push it through the holes. 

The character of the lower edge of the ring is im- 
portant. I made a statement to that effect in my paper, 
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fess author emphasizes that the best type of airplane 
combines in its make-up a complete solution of 
structural problems with the best aerodynamic compro- 
mise, and that the eventual airplane will expose no 
parts to the air that do not give back a resultant lift 
for their resistance. 

After outlining the structural problems, the progress 
of the development of thick-wing and all-metal air- 
planes with which the author has been identified is re- 
viewed and illustrated. Thick-wing problems are dis- 
cussed and the requirements of all-metal airplane-con- 
struction are stated. The author believes that future 
commercial airplanes will have all-metal construction. 


DISCUSSION of the airplane of to-day when the 
new industry is progressing so fast must, of ne- 
cessity, include planes now being built and in*the 

course of laboratory development as well as those actually 
in use. Just what the modern airplane really is, as to 
detailed description, depends largely upon which par- 
ticular engineer describes it; each one will state what 
his research shows, in his judgment, to be that com- 
bination of structure and aerodynamics which consti- 
tutes the best airplane. Again, the best airplane for 
some specified usage may be the worst airplane for some 
other specific purpose. 

In comparison with the marine field, the aerial speed 
scout of to-day is represented by the racing hydroplane 
or speed boat, which, with a tremendous amount of power 
per pound of vehicle, still carries but very little load and 
sacrifices everything to speed. This speed type of air- 
plane is by no means a commercial type, and I believe 
it is the commercial type in which the Society is in- 
terested primarily at present. 

Directly opposite in the comparison is the old type-B 
Wright biplane which, with a 30-hp. engine, flew at slow 
speed and carried a weight of about 50 lb. per hp. This, 
in aerial parlance, compares in a way with the rowboat 
that has a motor attachment which, with a very small 
amount of horsepower, carries a heavy load per horse- 
power but travels at very moderate speed. 

The attempts of designers to-day are largely toward 
reducing the amount of horsepower required for flying 
by two methods; (a) by reducing the amount of dead 
weight carried for a given useful load and (b) by seek- 
ing a minimum of “parasite” resistance toward forward 
movement, as against useful resistance which gives back 
a resultant lift. 

As I have pointed out to the Society before, there are 
two major branches of airplane design; the first is struc- 
tural, and the second is aerodynamic. An airplane com- 
prising poor aerodynamics and very light successful 
structure will fly, but one of perfect aerodynamics with 
faulty structure is of no value whatever. The structural 
division of research, therefore, absolutely must be solved, 
and that development is the best airplane which com- 
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bines in its make-up a complete solution of structural 
problems with the best aerodynamic compromise. 

In the past, too many designers have approached the 
airplane from the standpoint of wing curve, lift-drift 
ratio and the like; forgetting that, after all, he who can 
build the lightest areas for a given strength has pro- 
duced at least the fundamentals of the best airplane. 
Airplane design to-day, therefore, is largely a struc- 
tural problem. 

STRUCTURAL PROBLEMS 


The structural problems that arise are subdivided into 
the necessary materials, and the arrangement of those 
materials. The original Wright efforts were biplanes 
made of spruce, cotton shirting, piano wire, stove bolts, 
tire tape and the like. The original Bleriot design, using 
almost the same materials, was of monoplane arrange- 
ment with a different type of landing gear. From that 
day, until recently, the airplane designer added but little 
either to the arrangement of the structure or the ma- 
terials used. Our DeHaviland war airplanes were built 
of the same spruce and ash and cotton cloth, but saved 
a few pounds of weight on the airplane by the use of 
expensive nickel-steel bolts instead of stove bolts costing 
but a few cents each. The details of airplane construc- 
tion have improved wonderfully, but the materials and 
the arrangement of the structures developed but little 
for a long time. 

It must be admitted that the present-day airplane, as 
now in use, carrying about 28 to 30 per cent of useful 
load and a pay load of 3 to 5 lb. per hp., cannot hope to 
be the eventual commercial-passenger or freight-carrying 
machine. Ways must be found, if a real commercial 
airplane is to be available for air lines, for improving 
the structural part of the present type of airplane to 
make it lighter and stronger and cheaper. This can be 
done by using better materials and providing better 
structural arrangement, and then combining with them 
improvements in aerodynamics. Aerodynamic improve- 
ments include better wing curves and the elimination of 
parasite resistances by better arrangement of the design 
and better streamlining of those parts that must be ex- 
posed. 

The eventual airplane will expose no parts to the air 
that do not give back lift in return for their resistance. 
This airplane will be practically nothing but wings. 
Such an airplane was outlined to the Aircraft Produc- 
tion Board with drawings and technical data in 1917, 
and marked the beginnings of our own experiments in 
actual construction of so-called thick-wing, or cantilever, 
monoplane-winged airplanes. 


PROGRESS OF DEVELOPMENT 


Our own analysis of the best methods of solving the 
problems outlined above can best be visualized by re- 
viewing first the history of our work to date in thick- 
wing and finally in all-metal airplanes. Our original 
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Fic. 1—First Mock-UP oF THE THICK-WING PLANE MADE IN JuNB, 1918 


idea was that, if parasite resistances form two-thirds of 
the horsepower resistance of airplanes of that day, the 
first line of attack for the engineer to follow was to 
eliminate parasite resistance. The simplest and most 
obvious way was to make nothing but a wing and put 





Fic. 2—First CANTILEVER TEST OF A SPAR WEIGHING 7 LB. UNDER A 
LOAD OF 2200 LB 


everything inside the wing. Thus, for every pound of 
resistance to forward motion for which we must expend 
horsepower, we would get back 8 to 20 lb. of lift. To be 
able to do this would be to double or quadruple airplane 
performance at one jump. 

Fig. 1 shows our first mock-up, built to show the idea 
we had in mind. This gave us a view of some of the 
engineering problems we were up against, and a peep 
into the new structural possibilities that had come with 
a search for mere aerodynamic advantage. 

I will not follow our wind-tunnel research, or choice of 
a wing curve and the like. The type of spar was the first 
thing developed. Fig. 2 shows the wing spar as tested, 
supporting 2200 lb. of evenly distributed load from the 
root to the tip, the spar does not touch the outer post, 
and in a weight-per-spar of 7 lb. 

Fig. 3 shows how the spars were fitted to the body and 
the general scheme of transverse structure. On pro- 
ceeding with our patent work in connection with the 
structural progress we found that a similar fundamental 
had been in the mind of Hubert Latham of France, who 
had built a peculiar pouter-pigeon-like plane of thick- 
wing design which actually flew but was soon crashed. 
Latham, therefore, seems to have been the real inventor 
of the thick-wing plane later claimed and developed by 
Junker of Germany, but all from the same fundamental 
idea. Junker’s patent views, uncovered after our first 
planes were in the air, showed an almost similar front 
view to that shown in Fig. 3, but it differed materially 
in other features. Latham’s machine, however, antedates 
Junker’s applications by several years. 

When this work started, we had no thick-wing curves 








and we, with others, had the idea that a thick wing would 
have more resistance than a thin wing, forgetting that 
a wing’s value is in the amount of air that it displaces, 
as well as its minimum of drag. Our first ship therefore 
was designed with a long thin curve with a fineness 
ratio of about 1 to 12. To get the wing thickness and 
still have depth enough for our spars, we lengthened the 
chord of the wing at the fuselage to extend the entire 
length of the fuselage, as shown by the photograph of 
the completed plane in Fig. 4. This gave us spar depth 
and structural advantage, but introduced problems of 
center of pressure movement that it took some time to 
solve even on paper. Fig. 5 is a front view of the same 
structure. 

The airplane as shown had an area of 480 sq. ft., was 
made entirely of wood and three-ply veneer, the first 
veneer plane built so far as we know, and with a 150-hp. 
Hispano engine weighed complete but 1542 lb. It had 
retractable radiators, a full factor of safety of 6, and its 
lightness proved that at least we had hit upon a good 
structural fundamental even before we tried it in flight. 
This plane was hopped at Dayton at McCook Field in 
1918 even though the engine we had been furnished had 
a broken pump shaft and hence could attempt no serious 
flights. The plane seemed normal as to lift and fore- 
and-aft balance. Its ailerons were ineffective and the 





Fic. 4—SIDE VIEW OF THE FIRST VENEER BATWING AIRPLANE 
The Area _ of This Plane Was 480 Sq. Ft., the Total Weight Was 
1542 Lb. and the Engine Was a 150-Hp. Hispano 


vision abominable. The lessons learned from this plane, 
however, were well worthwhile and led to the next step 
under civilian auspices after the armistice. 

The war being over, we laid out and started a four- 
passenger commercial job along the same lines, but in- 
fluenced by the lessons learned from previous work. A 
large number of changes were made for sales reasons, 
but it is my own opinion that the airplane of the future 














Fic. 3—EARLY ARRANGEMENT OF FITTING SPARS TO THE Bopy AND THE GENERAL TRANSVERSE STRUCTURE 
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will look more and more like the original “Batwing” as 
it was dubbed at McCook Field. The new design, how- 
ever, using a small-lift, high-speed curve, had a gap be- 
tween the tail and the long-chord wing at the demand of 
opinions, and had added a cabin and features to fit it to 
commercial use. 

Fig. 6 shows the commercial sedan, also of veneer 
throughout. This plane, piloted by Bert Acosta, flew at 
the first attempt. The wing curve was poor in lift and 
the climb was bad. The pilot was enclosed and this was 
undesirable. The vision was not ideal. 

Our light-lift wing-curve had been chosen because of 
its small CP or center of pressure movement as we, and 
all of our advisers, were afraid of the action of the long 
chord with a really cambered curve. The poor lift of 
this airplane forced us to take it back to the shop, how- 
ever, and change the wing nose to give us a really lifting- 
wing profile. Trials with this airplane, as changed, sur- 
prised us. We had more lift and climb than we expected. 
With a 200-hp. Packard eight-cylinder engine, the ma- 
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Fic. 6—THE FourR-PASSENGER ENCLOSED SEDAN AIRPLANE WHICH Is 
DRIVEN BY A 200-Hp. ENGINE 


school, have gone either to the thick-wing curves, such 
as the Junker, or to outside trussing, such as the Dornier. 
In the thick-wing Junker type, with an almost rectangular 
span of wing, the airfoil becomes so very deep at the 
fuselage in proportion to the chord of the wing that 
considerable speed is sacrificed to structural depth. To 
get the twist out of the wing, it is necessary to use very 
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Fic, 5—FRONT VIEW OF THE AIRPLANE SHOWN IN Fc. 4 


chine with 750 lb. of load made an official speed of 112 
m.p.h. and climbed 4800 ft. in 10 min. It was a tricky 
flier, however, and in the glide “hunted” in a way to 
alarm any but a pilot of strong nerves and wide experi- 
ence. 

This airplane was flown from 30 to 40 times with a 
load and without, and with new tails, new flippers, larger 
and smaller rudders and what not, but still the hunting 
due to the CP travel continued. At last the idea came, 
and by a change not occupying more than 10 min. a new 
airplane was born. The hunting was cured, the controls 
all became more effective and the flippers too much so, 
and our “batwing’” problems were solved. Later this 
36-ft.-spread airplane flew with a 1070-lb. useful load, 
and got off with real snap and ginger. Our future large 
type commercial airplanes will be of this long-chord type, 
but of all-metal rather than veneer construction. 

Following our experiments this far one can see that 
an original search for a new aerodynamic advance 
brought with it as more or less of a surprise a con- 
siderable advance in structural possibilities, so that it 
was possible to build lighter areas of the same factor of 
safety. 

THICK-WING PROBLEMS 


The entire problem in a thick-wing job seems to be 
not so much the strength of the spar members involved, 
as this is comparatively easy to obtain, but the wing 
rigidity so that there is no distortion or warping of the 
wing against aileron action, nor change of angle of 
incidence at the tips at different angles of attack of the 
plane. Foreign designers, particularly of the German 


long interlatticed spars of more or less tetrahedral con- 
nection. This binds the structure into a solid unit but 
adds considerable weight, although, in the metal Junker, 
the wing is about the same weight per square foot as 
wood-and-cloth wings of the same general factor of safety 
and maximum spread. 

In our type of wing we used a much more tapered plan 
view, so that for equal spar depth at the center section, 
as shown in Fig. 7, we had a wing of much better fine- 
ness ratio for high-speed work, at the same time the 
amount of structural space in the thick-wing, or German 
type of wing, extended only as far as the shaded portion 
A in Fig. 7; whereas, in our long-chord type, our struc- 
tural space was almost three times the volume, as at B, 
allowing considerable advantage particularly for wing- 
tip rigidity. It was possible to build larger areas of 
equal weight by this method. The advantage of getting 
the greater amount of area toward the fuselage is obvious, 
from both structural and aerodynamic standpoints. 
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Fic. 7—CoMPARISON OF THE GERMAN THICK-WING AND THE 
AMERICAN LONG-CHORD TYPES 
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Advancement along this line began, as stated, back in 
the early days of flying when Hubert Latham flew his 
thick-wing design with a fuselage on top and an enclosed 
landing gear, shortly after Bleriot made his famous 
Channel-crossing flight. The plane was crashed, how- 
ever, after about its third flight and abandoned. Our 
experiments in this Country on the thick-wing type date 
from 1917 when we started, through the Aircraft Pro- 
duction Board, experimental activities on an airplane 
which, on account of its appearance, was quickly dubbed 
the “Batwing.” So far as we now know, only one firm 
at that time, in any way paralleled the work we were 
doing. This was the Junker firm in Germany, which 
started its experimental work some time before our 
activities, but without our knowledge. Photographs 
show that the Germans started with the same type of 
wing-truss experiments as we later tried out in this 
Country, with the same method of building spars, mount- 
ing them and loading them, that is shown in Fig. 7. The 
only difference is that Junker worked in metal, originally 
in steel, instead of wood. 

Starting from the same fundamental of enclosing as 
much as possible within the wing surface, Junker never- 
theless adopted the old conventional arrangement of 
wings, fuselage, tail and rudder, and with the usual as- 
pect ratio of wing, moment arm on the tail surfaces, and 
the like, making no attempt to produce a new aerodynamic 
plan other than that the wings should be thick and have 
the structure inside. The real original part of his de- 
velopment work was metal construction and all credit 
should be given to Dr. Junker for the very remarkable 
structures he finally developed, structures that are ad- 
mirably suited to the particular type of airplane that he 
built, airplanes that have been flying in this Country 
under the name JL-6. Dr. Junker’s work in metal in- 
directly grew from that of the Zeppelin Co. in duralumin 
in connection with dirigible construction, and it is only 
natural that it should be paralleled by the work of the 
Zeppelin Co. represented by its engineer, Herr Dornier. 

Figuring also on a rectangular wing and noting the 
disadvantages Junker had in maintaining wing rigidity 
by the thick wing at the root to the limitation of speed, 
Dornier adopted a monoplane type using the same wing- 
spar thickness from tip to tip approximately, and a 
rectangular plan view of wing but fitted with outside 
brace struts, as shown in Fig. 8. This view shows the 
typical Dornier construction. The Junker, or JL-6 
construction, with deeply corrugated metal surfacing, is 
well known in this Country, and it is doubtful if the 
Junker structure has been equaled in ships of its size. 

Dornier obtained, by the use of a smooth section with 
inset ribs sticking above the surface every 8 to 10 in., 
a slightly better speed advantage but with no advantage 
of lift so far as the wings were concerned. In the end, 
through using external trussing, he obtained not quite so 
good a performance per horsepower due to the fact that 
his wings were heavier per square foot and that the air- 
plane had more parasite resistance. 

Another metal airplane, built by the Germans, was 
known as the Staaken Giant, a very remarkable, four- 
engine airplane, built originally to fly between Berlin 
and Friedrichshaven. The airplane was not a complete 
success due to overweight, but was a remarkable develop- 
ment. With a wing loading of 16 lb. per sq. ft., this 
machine flew successfully, but had a landing speed of 
83 m.p.h. The Germans are not dropping their experi- 
mental work on these airplanes, however, because the 
first ones were overweight and faulty in detail, but are 
only awaiting the permission of the Allies to go ahead 
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on further development structures. The Staaken Giant 
is the most pretentious example of all-metal structure 
ever undertaken. The Junker, however, as a commer- 
cial venture is the most successful. 


ALL-METAL-CONSTRUCTION REQUIREMENTS 


I have used considerable space in explaining thick- 
wing design and the various schools involved, since it is 
this type of design that seems to fit all-metal construction 
best. To get the utmost out of the strength of the wing 
section, it is an advantage, with most of the designs to 
date, to use tapered spars so that the section itself can 
form part of the structure. In analyzing for all-metal 
construction in airplanes, there comes up at once a ques- 
tion of steel versus duralumin. 

When we started our all-metal construction work, 2 
years ago, little or nothing was known of duralumin, 
and designers were fearful as to its stability under con- 
ditions of weather, corrosion and vibration. Enough is 
known of it to-day so that we can speak openly and with 
knowledge of the real properties of the metal. As to the 
greater merits of metal versus wood-and-cloth, it is under- 
stood that in the statements I make I am voicing only 
our opinions as the result of our own experiments and 
accumulation of data during intensive work in this metal 
during the past 2 years, and the personal investment on 
the part of our company and associates of over $100,000. 
The properties of duralumin are stated in Table 1. 


TABLE 1—PROPERTIES OF DURALUMIN 

Specific Gravity 280 
Weight per Cubic Inch, lb. 0.102 
Melting Range 

Deg. Cent. 

Deg. Fahr. 
Modulus of Elasticity 
Coefficient of Expansion 

Per Deg. Cent. 

Per Deg. Fahr. 


540 to 650 
1,004 to 1,202 
10,600,000 


0.000002260 
0.000001255 


Yield-Point, lb. per sq. in. 30,000 
Strength when Tempered, lb. per sq. in. 
Compressive 44,000 
Shearing 30,000 
Tensile 50,000 to 60,000 


Elongation when Tempered, per cent 16 to 20 


It is true that steels can be had of much higher tensile- 
strength per pound than dural, as duralumin has come 
to be called colloquially. It is also true, however, that 
these steels, heat-treated in very thin sections, are even 
more of an unknown quantity due to inaccuracies in the 
heat-treating, particularly in experimental structures, 
and therefore have variable physical characteristics. 
Dural, treated in a bath of nitrates at temperatures well 
under contre] and fabricated quickly before the temper- 
ing has begun to take effect, is thoroughly reliable and 
can be depended upon for a 55,000-lb. per sq. in. tensile- 
strength, with an 18-per cent elongation. 

If steel spars are used in connection with dural struc- 
ture, provision must be made for differences in the co- 
efficient of expansion and for the production difficulties 
of riveting metals of different hardness. There is an 
advantage in making a complete dural structure in that 
no expansion difficulties are encountered, and production 
problems are much simplified. 

Our first problem in building an all-metal airplane was 
the same as in building our first wooden one, the de- 
velopment of a tapered spar of sufficient strength for 
wing requirement. The contract we were working under 
required an airplane of 60-ft. span, maximum, and 600 
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hp., to be arranged either for wheels or floats, and to 
carry approximately a 2-ton load at 105 m.p.h. In the 
trials the airplane, with its full load, officially, made 
i113!» m.p.h. and was the first American-built, all-metal 
machine to fly in this Country. Our “Batwing” airplane 
at McCook Field was the first thick-wing machine to fly 
in America, and possibly the first veneer airplane built 
on this side of the Atlantic. 

The first requirement for the wing spar was the de- 
velopment of what we originally called the “spar 
longerons” but which later were termed “chord” sec- 
tions. These are the top and bottom members of the 
latticed girder, as shown in Fig. 3. Development work 
was done on 19-in. hand-made sections, starting with the 
conventional U-shaped members and developing through 
the various convolutions, and changes found necessary 
in each until the master section developed, as shown in 
Fig. 9. The upper left view is the spar chord-section. 
In the 19-in. column this weighs 7'% oz. and will support 
8000 lb., or 4 tons. The longeron section, weighing about 
4 oz. in the test column, and supporting in column load 
4400 lb., is illustrated in the upper right corner. The 
drawing in the lower left corner is that of an ordinary 
U-section used for ribs, and that in the lower right is a 
special diagonal section for the lattice of the spar girders 
which, in the 19-in. column, supported 2100 lb. 

In these pieces, the advantage of dural over steel was 
shown. The tension member is not the problem in build- 
ing a spar; otherwise we could make our spars of piano- 
wire cable. The real problem is the compression mem- 
ber. Dural, being so light and with a much thicker sec- 
tion in proportion to its strength than steel, has a con- 
siderable advantage in rigidity, hence these light weights 
in proportion to the strength. Our entire airplane sub- 
stantially was made up from these four sections in 


various arrangements, and with different fittings and 
connections. Aside from the fact that the parts were 
all metal, the general structural arrangement and spar 
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SOME STRUCTURAL SHAPES OF DURALUMIN 


Fic. 9 
layout followed very closely the airplanes we had previ- 
ously built in veneer. 

The Junker airplane uses dural tubing for spars and 
places these, with diagonal latticing between and stamped 
from dural sheet and riveted in place. The Dornier uses 
the U-shaped spar-members with side plates and with 
plate ribs running fore-and-aft between each, the flat 
surface pieces with their upturned edges being left to 
form external ribs. The Staaken Giant used metal of a 
heavier gage, flat sheet for surfacing with plate ribs in- 
side. Both the Dornier and Zeppelin or Staaken designs 
were heavy compared to the Junker. 





Fic. 10—-AN AIRPLANB WING THAT WAS CONSTRUCTED ENTIRELY OF 


DURALUMIN 
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Fic. 11—A SIDE VIEW OF THE FUSELAGE IN COURSE OF CONSTRUCTION IN THE SHOP 


In our plane we allowed 10 spars by their depth to 
form the contour of the wing fore-and-aft, and by merely 
attaching our wing skin of 0.020-in. dural, ribbed every 
2 in., to these spars in a fore-and-aft direction, we ob- 
tained wings of great rigidity and strength, and in a 
weight equivalent to the best Dornier and considerably 
ahead of the Staaken weights, although heavier than the 
Junker wings, on account of our greater area and load- 
ing per square foot made necessary by our limitation to 
a 60-ft. span for the load to be carried. 

Fig. 10 shows one of the wings complete, giving an 
idea of the smooth contour obtained and the size of the 
structure. Fig. 11 is a view of the side of the fuselage 
in the shop. This shows the arrangement of the spars, 
and gives an idea of the wing curve, the pilot’s position 
and how the fuselage is divided just back of the wing 
for storage purposes. The weight of the airplane com- 
plete and fully loaded approximates 5 tons. Table 2 
gives the comparative areas, weights and the like, of 
other metal airplanes previously built. 


TABLE 2—COMPARATIVE AIRPLANE DATA 


Dornier Stout Stout 

Dornier Dragon- Ordi- Com- 
Comet fly Junker nary mere ial 
Span, ft. 58 281, 49 60 35 
xa ft. 30 2314 29 an 3 
Height, ft. 8 75% 10 es 10 
Area, sq. ft 459 150 417 790 280 
, + . “ . dy Po 
Chord, #.. 9 54 814 13 2 ; a. 
Weight, Full, |b. 8,960 1,652 4,101 9,817 2,025 
Weight, Light, Ib. 2,500 ‘992 2341 6,557 1/250 
Useful Load, Ib. 1,460 660 1,760 3,260 775 
Useful Load, per cent 36.5 0.4 43.0 33.0 34.0 
i 7 Size ; 
wen isle BMW-233 80hp. BMW 600 90-OX 

i , Ib. per is 

Pe * sam mo Pe 8.65 9.70 9.60 12.40 7.20 
Jeight r Horse- 7 tele 
- A tb. 17.0 20.7 17.4 16.0 22.5 
Useful Load Pa aie ae re - a 
Horsepower, Ib. 3.2 8.2 : io = 


Ton-Miles per Gallon 3.10 és 4.2! 


SUM MARY 


All metal planes, to date, can be called experimental. 
The future commercial airplane, however, will un- 
doubtedly be an all-metal construction. Metal planes 


mean greater safety to pilot and cargo; a possibility of 
considerably lighter weight; less production cost, par- 
ticularly as quantities go up and the demand increases; 
and easier servicing and simple repairs provided the air- 
planes are designed with this idea in view. 

It cannot be expected that the first metal-construction 
attempts of any manufacturer will be.a success in every 
particular but, if America is to lead in aircraft, it must 
lead in metal aircraft, as it is my opinion that, in a com- 
paratively few years from now, wooden airplanes in the 
air will be scarcer than wooden ships on the sea, and 
that all airplanes flying under insurance rulings will be 
of all-metal construction. 

Thick-wing airplanes are developing fast, both in 
monoplane and biplane types. Retractable chassis, wing- 
type radiators and all those items that the recent Pulitzer 
events have shown to be practicable, will appear shortly 
in commercial airplanes and increase their profit-paying 
possibilities. But if safety and low cost are to come with 
these items of greater performance, then must metal 
construction and production methods be applied to the 
producing of an airplane for American air-services that 
shall be safe, cheap, economical and long-lived. Only by 
the production of a real commercial airplane can com- 
mercial aviation come in America. 

THE DISCUSSION 

Com. H. C. RICHARDSON:—I am unable to agree with 
Mr. Stout in his conclusions that “the eventual airplane 
will expose no parts to the air that do not give back lift 
in return for their resistance.” The statement is not 
incorrect, but the inference to be derived from it is incor- 
rect. At least I infer that Mr. Stout intends that no ele- 
ments are to be exposed which are not designed to give 
lift in a normal attitude. Practically anything but a 
sphere will give a lift if properly set to the wind, but very 
few shapes give lift efficiently except wing-shaped sec- 
tions. Struts, floats and fuselage sections can approxi- 
mate wing-sections in form, but in mest cases the aspect 
ratios are bad and the lift-drift ratios are not high. Any 
attempt to give them lifting sections will result usually in 
an expansive life on this account; whereas, to give them 
minimum resistance, but little lift is sacrificed and, in a 
normal attitude of flight, their resistance is lower than 
would be the case if made a lifting section. That the 
aerodynamic qualities must be as clean and efficient as 





Vol. XI 


December, 1922 No. 6 





MODERN AIRPLANE AND ALL-METAL CONSTRUCTION 501 


possible and that the structural design that offends 
against this must be modified is, I believe, recognized by 
anyone familiar with aircraft design. The parasite re- 
sistance must be reduced to the lowest factor compatible 
with the purpose of the design, and this implies struc- 
tural efficiency. But questions of stability, maneuver- 
ability and arrangement require that an aircraft shall be 
more than wings alone, and the additional members, I 
contend, will be more efficient if carefully streamlined 
and carefully disposed to meet the conditions of maxi- 
mum performance, than would be the case if the attempt 
were made to get a lift as the prime feature in the design 
of these elements. I believe it better to gain a lift from 
the most efficient lifting member and to give the parasite 
members the best streamlining possible. 

Present practice indicates a minimum wing-drag at 
from 2 to 4 deg., but when this is associated with para- 
site resistance the minimum drag for a complete airplane 
is usually found to be at from 8 to 10 deg. With thicker 
wings, these data require some modification, as some of 
these sections are most efficient at angles in the neigh- 
borhood of 0 deg.; but the effect of additional parasite 
resistance will be of the same nature as that indicated. 
In still air the maximum efficiency for cruising is at an 
angle of attack of about 7 deg., and this angle changes 
very little with the load carried. From this it appears 
that it is of paramount importance to commercial craft 
to dispose the fuselage for minimum resistance at such 
an angle of the wings. Depending on the purpose for 
which an airplane is designed, there will be an optimum 
angle for the wing setting to give the best result whether 
it is climb or speed, or some other quality that is consid- 
ered most important; and this should be given considera- 
tion in locating the wings on the fuselage so that the re- 
sistance of the fuselage will be a minimum for the chosen 
condition. Relative to wing efficiency, I am not unaware 
that a head or a tail-wind will change the optimum anzle 
for cruising, but the slight variations involved will not 
affect the fuselage resistance seriously. 

For the time being it appears that the wing loading 
which can be used is controlled by getaway and landing 
speeds; but, for commercial aircraft, I believe the great- 
est efficiency of transportation requires high power-load- 
ings, although here again is a limit, as the design must 
not be sluggish. To combat head winds or bad air re- 
quires a reserve of power, and that means a reserve of 
speed and of fuel and oil. There is, therefore, a limit to 
power loading, and I place the desirable maximum speed 
at least 50 per cent above the landing speed and prefer- 
ably 100 per cent above it. 

We still have something to gain in propeller and engine 
efficiency, and much to gain in structural efficiency. Re- 
garding structural efficiency, I believe we may well haul 
in our horns on the factors of safety and gain a worth- 
while improvement in useful load without danger. A fac- 
tor of safety of 4 appears ample, and even 3 should be 
sufficient for a carefully designed airplane if the pilots 
will confine their maneuvers to those required for com- 
mercial purposes and avoid stunting. Bad air and forced 
landings require consideration, however, in determining 
this reduced factor. 

I believe in metal construction and that ultimately it 
may replace wood and wire, but it requires much re- 
search. I believe it will be warranted on a production 
basis only. Both research and production to be war- 
ranted require established service and a demand inci- 
dent thereto, and I believe that both will develop more 


2See British Advisory Committee for Aeronautics Report and 
Memorandum No. 683. 


rapidly with the demonstration of efficient wood-and- 
wire construction than can be hoped for in the imme- 
diate future from metal construction. Also, it appears 
that, for the present, the light alloys have an advantage 
over steel, because the thicker sections used for equal 
strength have greater resistance to secondary failures. 

Maintenance is important and it is here that metal 
offers important advantages from a deterioration stand- 
point but, from the viewpoint of field repairs and minor 
crashes, I anticipate much anxiety in regard to a metal 
venture until a production basis is reached and readily 
available spare units permit damaged parts to be replaced 
easily so that they can be returned to central shops for 
repairs where heat-treatment and proper facilities are 
available. 

I congratulate Mr. Stout on his paper, but more on 
the valuable experience he has had in this pioneer work. 
I congratulate him on his vision and faith and persist- 
ence, and truly hope he will see and participate in the 
development that is bound to follow the efforts which 
have required no little financial and personal courage. 
He has important assets in his experience which I hope 
will materialize to his advantage and to the advantage of 
aeronautics. 

HARLAN D. FOWLER:—Refinement in the detail design 
of structural parts sufficient to develop the required 
strength demands experience and good engineering prin- 
ciples. It was necessary in the past to construct por- 
tions of an airplane of more than the necessary weight 
to insure proper strength. This was due to the uncer- 
tainty of the conditions to be met. With sand-load and 
flying tests as they have been developed up to the present, 
it is possible to design parts that have just sufficient 
strength and so obtain a very light member. An ex- 
ample of this is the hull of a flying-boat. The conditions 
met with on landing, porpoising, taxiing or getting off 
are uncertain quantities. The British made some very 
difficult tests’ in 1920 by subjecting the hulls of the F-3 
and the H-16, weighing respectively 10,600 lb. and 11,600 
lb., to all of these conditions; and, by ingenious measur- 
ing devices, they were able to determine local and dis- 
tributed stresses along the entire bottom of the hulls 
ahead of the step. These measurements revealed the lo- 
calities where much excess weight could be eliminated, 
and this is one reason so many of the seaplanes have poor 
useful-load capacity. Within narrow limits, a seaplane 
should be as light as a land machine. 

We are greatly concerned with the reliability and dura- 
bility of our engines. The attempt to-develop large power 
and light weight is justifiable for military purposes. But 
are they practicable for commercial usage? At present 
it is necessary to have a large reserve of airplanes on 
hand to maintain regular service such as existed in the 
Forest-Fire Patrol on the Pacific Coast. It was neces- 
sary there to have at least three machines tied up to 
keep one in the air, and the greater number required 
engine attention. The vertical type of engine represented 
in the German machines certainly gave more uniform 
service. 

In the last few years a very important phase of devel- 
opment has been recognized as being essential to increase 
the usefulness of airplanes. The rigid or inflexible type 
of wing construction must be relegated as belonging only 
to the past progress of the art. Efficient as thick wings 
may be, the advantage of the variable area, variable cam- 
ber or auxiliary wing-surfaces presents too great a possi- 
bility to be allowed to lie dormant much longer. To ob- 
tain a safe landing-speed or to get off with a heavy load, 
we are obliged to carry a certain amount of excess wing- 
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surface and an inflexible wing-section. Having once 
cleared the earth, why do we pack with us on a journey 
occupying hours all of this parasite or airfoil resistance 
that demands such unnecessary power as the cube of the 
speed requires? It is apparently something we must rid 
ourselves of very quickly. It is also apparent that the 
variable area is one of the most important features of- 
fering the most substantial gain. There may be some 
mechanical difficulties at first. So also there was diffi- 
culty with the first automobile gearshifting device, which 
is closely analogous to our problem. To be able to in- 
crease the passenger load 100 per cent, or to reduce the 
power required 25 per cent, or to increase the high speed 
20 per cent, or to reduce the landing speed 15 per cent, 
certainly offers an interesting goal. 

With few exceptions for steel, there is no doubt of 
the advent of the duralumin airplane. The lightness, 
strength and ease of handling of this metal eventually 
will simplify our constructional problems. With experi- 
enced workmen and the gradual increase in demand for 
duralumin tending to cheapen its manufacturing cost, it 
will be a serious competitor with wood. As Mr. Stout 
points out, duralumin is no longer a metal of mysterious 
properties. Aside from exercising care in the annealing 
and tempering of this metal, it is nothing more than a 
high-class tinner’s-job. To see the use of this metal in 
the framework of the ZR-1 airship under construction at 
the Naval Aircraft Factory at Philadelphia is very con- 
clusive evidence of its possibilities. If a suitable brazing 
compound could be found, the use of duralumin for fit- 
tings would be more extensive. However, duralumin in 
the forged state has been used, to a lesser degree, with 
some success. 

H. M. CRANE: —I know from past experience with 
light-boat construction and similar work that it is essen- 
tial that every bit of material in a light structure bear 
its just proportion of the load. If you intend to have a 
factor of safety of 6 and there is a large part of the 
structure that has that factor and another large part that 
really has a factor of 2, the structure is inefficient. 

The most difficult feature of any problem of structure 
is the design of the compression members. The Quebec 
bridge disaster was due solely to failure of the compres- 
sion members. The failure of the dirigible R-38 was 
caused unquestionably by the failure of a compression 
member. The joint between the different members is 
another important detail. When dealing with thin sec- 
tions of metal, it is very hard to make sure that the load 
is distributed over the whole structure. It is very apt to 
be very much localized, with a certain attending failure. 
You can make tests on 19-in. pieces in a testing machine 
and get an excellent line on what you must do; but when 
you design a 70 or 100-ft. span on an airplane, it is very 
difficult to translate the results of the 19-in. tests into 
terms that apply to the full length of the machine. It is 
equally difficult in construction to see that each of the 
hundreds and hundreds of pieces that go into that wing 
is really bearing the load it is designed to carry. 

The fact that the winning machines in Detroit were all 
American machines from the engine, the radiator and 
the powerplant installation to the whole airplane con- 
struction, is a thing that we all can be justly proud of. 
I felt during the war, and it has been proved since, that 
the sooner we in this Country stopped looking abroad 
for inspiration and began to look at the airplane and the 
airplane engine from our own point of view, the sooner 
we would progress. I believe that, with the opportunities 
this Country has had, the progress in aviation has been 
astounding. That does not apply to commercial aviation, 


but I think we ought not to feel too much discouraged 
about commercial aviation. Commerce is a traffic, it is 
a barter and trade that is healthy and of real value only 
when something of value is sold to somebody who requires 
that thing. 

The Aeromarine Airways, Inc., has made a strong start 
in that direction, taking the most favorable opportunities 
where the competition with other methods of transpor- 
tation has been reasonable. The Air-Mail Service is 
making a record from day to day that is being surpassed 
nowhere. This is being done with a very moderate 
amount of support from the Government and by using 
salvaged machines. 

The Liberty engine has been one of the most adversely 
criticized powerplants that was ever produced, but its 
history proves that it is probably the most remarkable 
feat of design and construction done by any country dur- 
ing the war. The first race at Detroit was between five 
Martin bombers, each powered with two Liberty engines. 
The winning machine averaged 105 m.p.h., the difference 
between its fastest and slowest lap being less than 0.5 
per cent. The other four machines, while not so fast, 
ran with almost the same degree of uniformity. A Lib- 
erty engine recently drove an airplane for 35 or 36 hr. 
consecutively, raising the duration record in the air 
something like 12 hr. over the previous record made with 
a German engine. 

HENRY E. BRUNO:—During the 3 years in which we 
have flown more than 1,000,000 passenger miles and car- 
ried over 20,000 people without a single serious accident, 
we have demonstrated that commercial aviation in this 
Country, so far as over-water flying goes, is not behind 
that of Europe. We inaugurated the first double daily 
service between two large cities in the United States in 
the summer of 1922. I refer to Cleveland and Detroit. 
We used three 1l-passenger enclosed-cabin ships; two 
were in active service and one was in reserve. We started 
our double daily service July 17 and finished Sept. 17. 
We had no forced landings, no interruptions of schedule, 
and the boats left on time twice daily from each end of 
the route. The first 2 weeks these big 1l-passenger boats 
carried about four passengers. It was heartbreaking to 
send those ships across the Lake that way, but we real- 
ized that we had to prove something to the people of 
Cleveland and Detroit. Toward the end of the service, 
we could not accommodate the people who wanted to fly. 

CHARLES M. MANLY:—Mr. Stout has hammered stead- 
fastly at the very important subject of parasite resist- 
ance. He awakened a greater realization of the enor- 
mous importance of parasite resistance when he indicated 
what a large portion of the total resistance of the DH4 
machine is parasite resistance. Mr. Stout has wanted 
to put everything inside the wing. Commander Richard- 
son questioned whether that may not be carrying it 
a little too far and pointed out the importance of 
streamlining certain portions and possibly leaving 
them exposed in their more efficient form. The im- 
portance of doing one or the other is very firmly estab- 
lished by the results of this speed test at Detroit. At 
an air-speed of 248 m.p.h., every square inch of normal 
surface has a pressure of 1 lb. on it. The winning ma- 
chine, with the horsepower that was required to propel it 
at 248.5 m.p.h., was really experiencing a total head-re- 
sistance of very little more than 3 sq. ft. of normal ex- 
posed surface. That brings home to us very forcefully 
the advantage of minimum parasite-resistance and the 
importance of applying accurate scientific data and thor- 
oughgoing engineering training and experience to the 
design and construction of a machine. 
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HERBERT CHASE: — Why did Mr. Stout give up the 
veneer type of construction in favor of the all-metal. 

WILLIAM B. Stout:—In figuring on commercial avia- 
tion and on safety and cost as the fundamentals of com- 
mercial aviation in comparison with maneuverability and 
some other things for military ships, our analysis was 
that metal would of necessity be the eventual material, if 
only to secure safety in crashes. Airplanes must oper- 
ate in all climates. For Europe or for our Northern cli- 
mates I think a veneer ship would be fine, but in a hot 
climate such as that near Mexico, where the casein glue 
would harden and the veneer dry-out and split, veneer 
is out of the question. Also, I would rather trust metal 
and rivets because it has been demonstrated that there is 
less possibility of serious personal injury in a crash. 

I disagree with some of those who have spoken on the 
cost of metal construction, I admit that the experimental 
work we have done to date is expensive. But, having been 
through that, we know now how to design more eco- 
nomical structures. I believe that we can repair our 
newer-type structures in an emergency practically as 
quickly as we can repair wood. 

Another advantage in all-metal construction is that the 
entire airplane can be made of comparatively small units. 
You save cost in the shop and, if you damage a unit, it is 
generally cheaper to replace it than it is to fix it. I be- 
lieve that to-day we can build airplanes of certain pas- 
senger or load capacity more cheaply than we are now 
constructing passenger cars and motor trucks of the same 
capacity, up to 1 ton, if we can market them in equally 
large quantities. 

We are flying now with one Liberty engine and carry- 
ing loads that required two Liberty engines during the 
war and at higher speeds. The airplane that made the 
world’s endurance record recently left the ground with 
some 4200 lb. of gasoline aboard. Its engine had the 
same horsepower, practically, as that of the airplane that 
made the 248-m.p.h. speed; so, we are translating horse- 
power now not only into tremendous speeds, but also are 
able to translate the same horsepower, if we wish, into 
load carrying at slower speeds. I think we will see 
within very few years a nice four or five-passenger com- 
mercial airplane selling for less than $3,000. When we 
do see that, I think commercial aviation will have begun. 

LEON OTTINGER:—It is only recently that really scien- 
tific work has been done in the manufacture of plywood 
in our different lines. For instance, the veneers are 
being chemically tested after being cut. It has been 
found that they can be treated chemically so as to wash 
out the cells fairly well. Then they are treated with 
chemicals that lower their coefficients of expansion 
and contraction to a very marked degree, when under 
the influence of either water or heat, without injur- 
ing the strength of the individual veneers. That is 
very important because the ability of plywood to with- 
stand weather, due to the waterproof glue, means that 
the glue, in its soaked condition for instance, should be 
stronger than the expansive power or stress produced be- 
tween the various parts of the veneer. If the veneer 
is reduced, the plywood will stay together with a weaker 
glue. Furthermore, the stresses on the various struc- 
tural parts of the airplane must be definitely effected by 
a plywood that will not expand or contract to the extent 
that the old types of product did. 

The matter of what woods to use for making the 
veneers and the manner in which they are cut provides a 
large field for research in plywood. I have seen a num- 
ber of braces made of chemically treated plywood; the 
process is of German origin. The veneers were used be- 


fore being fabricated, but I have seen pieces of that kind 
that had an angle of 90 deg. thrown into the water, and 
that remained at an angle of 90 deg. when taken out and 
dried. I think that the lack of development of plywood 
has been due partly to taking emergency Government 
specifications too much for granted; the plywood facto- 
ries have not developed anything new in the way of air- 
plane plywood, because it is very poor judgment to alter 
material from specifications on Government orders. 

S. WARD SEELEY :—I believe the time is coming when 
radio telegraphic equipment will be as essential on an air- 
plane as the landing-gear, for instance, and in view of the 
fact that all-metal equipment might militate against the 
successful employment of radio equipment, I am wonder- 
ing whether Mr. Stout has made any tests on the effect 
of the all-metal construction on radio signals? 

Mr. STouT:—No, we have not. However, I think that 
would have about the same relation to the development of 
metal airplanes as the question that came up when iron 
ships were first made, that the compass would not operate 
properly, and that therefore it would be useless. I think 
the radio will be the compass of the airplane and that 
every airplane will of necessity be equipped with it to 
travel through fogs and any kind of weather and for 
night flying. The radio engineers undoubtedly will solve 
any interference problem. 

I believe that a factor of safety of 4 in a metal airplane 
is safer than a factor of safety of 6 in a wooden airplane. 
But if you intend to build in wood, I think plywood is 
the thing for the cantilever type of airplane. Since the 
wooden members that are used are of such small section 
in multiple units, if they are made of plywood, you know 
you have a pretty good average in the piece anyway, al- 
though the piece of plywood in itself will not pull as well 
as the best piece of spruce you can find; but it can be de- 
pended on to have uniform strength. 


H. E. DAvIES:—Does Mr. Stout consider the riveted 
seams a source of weakness? 

Mr. StouT:—No, provided the riveting is watched to 
be sure that it is a thorough job, and that the duralumin 
is watched when the holes are drilled so that no cracks 
are started. If heat-treated duralumin starts a crack, 
the crack is liable to run, just as with any tempered steel. 
We ream all of the holes after drilling and before we 
rivet, and are very careful to start no cracks and get as 
perfect riveting as we can. 


HENRY R. SUTPHEN :—What effect has salt water on 
duralumin? 

Mr. Stout :—In the natural state, duralumin is affected 
by salt water; in the heat-treated state, normally, it is 
not. I should say it is affected about as much as iron is 
with water. Some rust or surface corrosion comes but, 
when properly heat-treated, we have had absolutely no 
trouble with it. It is perfectly possible to weld it, but 
the welded joint seems to go back almost to aluminum 
and is not rust-proof. Salt water will affect it. We 
have put pieces of duralumin into a saturated solution 
of salt water for 3 months without having the metal de- 
stroyed; in fact, it showed practically no signs of corro- 
sion. We hear from other sources that salt water does 
have effect, but we have had no trouble ourselves with 
corrosion of any kind. 


Mr. SUTPHEN :—Is that the reason you rivet the sec- 
tions? 

Mr. Stout: — Yes. We rivet the sections and heat- 
treat the rivets. One thing about the metal is sometimes 
confused with corrosion. In some of the very thin sheets 
from the German airplanes, what appears to be corrosion 
in spots where vibration has occurred can be noticed. 
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That is where parts are over-stressed through poor de- 
sign. It is due to the fact that the metal in these air- 
planes was obtained during the war, when Germany could 
not get pure aluminum to make the duralumin, and there 
was too high a content of zinc in both the copper and the 
aluminum. When zinc is present in any aluminum alloy 
and there is vibration, the metal will tend to granulate. 
Under that condition, there is trouble. It looks like cor- 
rosion, but it is due to the presence of zinc in the alumi- 
num. That is why our American duralumin seems to be 
superior to the foreign duralumin; we have a pure alu- 
minum to start with, and at least as good copper, if not 
better. 

Mr. CHASE:—Does duralumin suffer from what is com- 
monly called crystallization or fatigue to any greater ex- 
tent than other metals? How does the metal construc- 
tion compare with wood in respect to durability, when 
affected by vibration? 

Mr. StoutT:—As with any metal structure, that de- 
pends very largely on the design. For example, with any 
alloy-steel, if it is located at a point where there is too 
much vibration and overstress on the metal, there is 
bound to be an effect on the metal in time. The idea that 
duralumin becomes fatigued and crystallized by vibration 
originates from faulty design. 

Regarding the metal floats, water soaks up in the 
wooden floats after leaving a seaplane standing in the 
water for 3 months. The actual soakage is about 600 lb. 


for an F5L hull. - With a metal float, that weight could be 
saved and put into the pay-load at a certain amount per 
pound. 

COMMANDER RICHARDSON :—We have not gone exten- 
sively into vibration tests at the Naval Aircraft Factory, 
but we have information that vibration is just as impor- 
tant with duralumin and no more important than it is 
with other metals. The elastic-limit must not be ex- 
ceeded and so long as the stresses are maintained at a 
moderate value, there is no reason to suspect that dural- 
umin will give way any more than any other metal. 

MERRILL C. HORINE:—It has been my impression that 
duralumin is more economical to work in building a com- 
plete airplane than the conventional wood, wire and 
fabric. 

Mr. StoutT:—That depends upon the design. If an at- 
tempt is made to reproduce a wood, wire and fabric de- 
sign in metal, it will cost a large sum of money; but if 
the structure is designed to suit the material that is to 
be used, and the cheapest production processes that fit 
that material are employed, the structure can be de- 
signed and made so that it will be as cheap or cheaper 
than the wood constructions, even in experimental ships. 
However, if the design calls for a lot of bumped work 
and toolmakers’ work and equipment of that sort for the 
first airplane, the costs will run up far higher than those 
of any wood construction. It is all a matter of engi- 
neering. 





THE NEED OF RESEARCH FOR THE TRACTOR 
INDUSTRY’ 


VERY commodity must meet an economic need in our 

lives and in industry, to be worthy of, and to win, the 
support of the buyer and consumer. That economic need 
may be manifold. The commodity may fill a need that adds 
to the health and happiness of a community by giving peo- 
ple a diversion from the deeper and more strenuous problems 
of life, or it may be purely economic in its effect on industry 
itself. The tractor, no doubt, can be classed only as filling 
purely an economic need in industry and, in so classing it, 
we must be sure that it fills such a place. It may be going 
far and it may shock many to question that it actually is 
filling such a place to-day. 

For some time I have had a vision of research for the 
tractor industry. Perhaps others are having the same 
thoughts. The possible development of this dream of the 
future calls for research of a somewhat different nature than 
is ordinarily talked of in laboratories and factories. To most 
of us, engineering research means a highly technical study 
of some phenomenon, the fuel problem or the study of the 
operation of some new device in its adaptation to work. 
The thought I have is back of all of this and means a re- 
study of the old problems. 

Before the tractor became a factor in the agricultural 
world, the methods or processes of the agricultural industry 
were pretty well established; therefore, the one chief thought 
of the man who was trying to introduce power farming was 
to make a machine to replace the horse. ‘So the machines 
were made and the adaptation of these machines to the work 
betame more or less an after-study. To the credit of the 
tractor industry, this adaptation has improved year by year 
and a closer study has been made of farming operations to 
develop a more universal type of power unit. The big prob- 
lem before the advocates of power farming to-day is how to 
put farming on an absolute power basis. Until this can be 
done, I believe that the advocates of tractors cannot really 
come into their own. 

To get at this problem, therefore, I can see a research 





1From an address, before the Minneapolis Sections December 
1921 meeting, by Emil F. Norelius, consulting engineer, Minneapolis. 


farm; not one where tractors alone are tested and not where 
present-day horse-drawn implements are pulled by tractors, 
but where there is truly a research into every farming opera- 
tion to see if certain of them cannot be dispensed with and 
replaced by others more adaptable to power farming; where 
certain types of equipment can be changed or redesigned to 
make them more adaptable; and where different types of 
power unit can be tested and studied to see what type lends 
itself best to all farming operations. The final result of such 
a course of research should be, if necessary, an entire turn- 
ing-over of present methods into a new and standardized 
type of power farming which may consist of a new series of 
operations or the farm, perhaps done by a new type of im- 
plement and a new standard form of tractor if that is what 
this research may develop. 

The problem of research must, of necessity, be very com- 
plicated. It must start from the bottom, with the agricul- 
tural engineer if you please, and not at top with the mechan- 
ical engineer. Comparative studies must be made of the 
economics of different processes and the results obtained. 
Unit costs must be kept on every detailed operation and these 
plotted as accurately as the finest cost-study ever devised 
in an industrial plant. Engineers with inventive ingenuity 
must be prepared to meet every operation with some solution 
from the power standpoint; for, to make a success of power 
farming, it will not do to try to replace horses in all the 
operations and then have to have horses to help with the 
threshing or some of the other operations. Records to-day 
show that the tractor does not actually replace the horse on 
the farm anywhere near in proportion to its initial cost. 

We all ask why the tractor has not become standardized 
as the automobile has become standardized, but it seems that 


it cannot become standardized in the same degree because of 


the varying problems it has to meet. Some day what I have 
outlined will be done. Shall the day come after years and 
years of gradual evolution, for there is one correct solution 
and our individual researches will gradually lead us to it; 
or shall the tractor ‘builders cooperate in finding the solution 
and hasten the approach of that day as much as possible? 
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(Juestions Answered by the Research 
Department 


ANY of the inquiries answered by the Research Department are of much general interest and involve a 
considerable amount of thought and research. For the information of our members a few of them will be 
published each month. It is hoped that in this way those members who have not yet availed themselves of the 
facilities offered by the Research Department may be encouraged to take advantage of them in the future. 


PISTON-RING MATERIAL 


Question:—As you are well aware, the question of piston- 
rings and piston-ring design has been the béte noir of engi- 
neers and metallurgists. We are anxious to arrive at some 
definite conclusion, first, as to the best iron to be used and, 
second, as to the necessity for mechanically improving the 
physical properties of this iron after it is made. To do this, 
we would like to know just what each manufacturer of pis- 
ton-rings is doing at the present time, the sort of iron that 
he is using, whether made in the electric furnace or a cupola; 
the analysis to which he is working; whether his rings are 
pot or individually cast and the means used to increase 
mechanically the tension of the rings after manufacture. 
Possibly you may know of someone who has this information 
available, but if not, do you not think that a committee on 
piston-rings and their standardization would do considerable 
good? 


Answer :—A letter was sent out to a number of piston- 
ring manufacturers, quoting the substance of this letter. 
We had originally planned to group this information under 
the four heads suggested but found the material we obtained 
was of such value that we decided to quote the letters as they 
were received, omitting the names of the manufacturers, be- 
lieving that a copy of the letter in each case would be of 
far greater interest and value than an outline. Three of 
the replies that cover the main points of interest that were 
brought out are given below substantially as received. 


We agree with your correspondent that the ques- 
tion of piston-rings and piston-ring design has been a 
“bugbear” for engineers and metallurgists, but we are 
not so sure that he will arrive at a definite conclusion 
unless he gives the piston-ring manufacturer some- 
thing definite to work upon. 

The problem that has confronted us, and we presume 
that it is common with other piston-ring manufac- 
turers, is that the automotive engineer in many in- 
stances has expected the impossible from a conven- 
tional type of piston-ring. Engines are designed to 
accomplish well-defined results and the piston-ring, 
which is one of the most important factors in attaining 
these results, is very often given very little attention. 
All too frequently, blueprint specifications for piston- 
rings are determined in the drafting-room, rather 
than on the experimental floors, and when the size is 
thus determined the requirements are turned over to 
the purchasing department and a canvass is made of 
piston-ring manufacturers to determine where the prod- 
uct may be bought at the most advantageous figure. 

Then, there are those among the engineering fra- 
ternity who have been sent abroad by the‘r principals 
to observe European practice, and upon return to their 
own factory have adopted Continental methods that 
are, perhaps, in no wise suitable to American road con- 
ditions. Desirous of reducing internal friction to the 
minimum, rings of extremely light tension often have 
been specified by American engineers, giving little 
thought to the fact that American automobiles are ex- 
pected to negotiate roads absolutely unknown to the 
European car-owner. 

We believe that tersion should be an inherent part 
of the ring, and submit as an obvious fact that the 
automobile engineer would not permit the use of any 
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other bearing in his engine which, in order to fit, must 
of necessity be “Pittsburghed.” 

We know of no manufacturer of any importance in 
the trade now offering pot-cast rings. Some of the 
multiple-piece rings, because of their construction, 
must be made of pot castings, but multiple-piece rings, 
so far as our information goes, are not being used by 
automobile companies as original installation. 

Prompt seating of piston-rings is desired on the part 
of many manufacturers, and various suggestions have 
been offered along this line. Some companies produce 
what is known as a turned ring, but in our opinion a 
ring that is soft enough to turn will continue to seat 
indefinitely and thus lose its tension within a very short 
time. To accomplish quick seating, we have devised 
what we call our Quick-Seating Ring. This compre- 
hends the grinding of a channel in the central face of 
the ring approximately one-half its width and about 
0.002 in. deep. This throws up a web on each side of 
the ring which wears down quickly and permits the 
ring and cylinder to attain harmonious surfaces within 
a comparatively short time. This channel ground into 
the central face of the ring does not throw it out of 
balance. Pressure is exerted equally over the entire 
ring width, but focused during seating on the raised 
edges and, as soon as these webs seat, further seating, 
except for normal wear, ceases automatically. 

In our opinion the exact specifications for piston- 
rings must be determined by tests made by the engi- 
neering department of the apparatus in which the ring 
is to be used. It is, of course, important to determine 
the type of ring to be used. Some manufacturers favor 
the diagonally cut ring, but others have a pronounced 
leaning toward what is known as the step-joint type. 
Some manufacturers who have used the former con- 
tend that with the sort of help usually available for 
installation, and especially in service-stations, if suffi- 
cient tolerance is not allowed between the points of the 
ring the expansion due to rise in temperature will in 
such cases cause cylinder scoring, while the use of the 
step-joint type of ring can produce nothing except 
perhaps abnormal! but un‘form wear on the cylinder. 

Tension or lateral wall-pressure is another impor- 
tant factor to be determined by the automotive engi- 
neer. It is desirable to reduce internal friction to the 
minimum, but some engineers have gone so far in this 
direction that oil-pumpers have been developed, and 
many devices have been employed to overcome oil 
trouble, whereas a few pounds additional lateral ex- 
pansive effort in the piston-ring would have prevented 
the trouble. Tension may be secured in one of three 
ways; increase in width of ring, increase in thickness 
of ring or increase of amount to be removed when the 
ring is split. 

There has been a tendency lately among some manu- 
facturers to adopt a very narrow ring. Several 1922 
engines are equipped with rings % in. wide, but these 
rings, so far as our information goes, -will exert approx- 
imately the same radial stress as that of the 3/16-in. 
rings formerly employed. These narrow rings, we 
understand, are used almost entirely in pistons of alum- 
inum alloy, the theory being that the narrow ring 
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approximately % in. in width will not wear the grooves 
as quickly as the 3/16-in. or wider ring. 


Everyone in the piston-ring business has been mak- 
ing an effort to produce the best possible piston-ring 
material for this purpose. Opinions differ somewhat 
on some details, but generally all ring manufacturers 
are agreed that there are two main factors to be 
considered. They are: ability to wear and elastic 
properties. 

Piston-rings operate against the cylinder-wall with 
a definite pressure at a high rate of speed. A material 
that will give the best results under these wearing con- 
ditions must be used. 

The piston-ring acts like a spring, and for that 
reason must have a high yield-point and a high elastic- 
coefficient. Steel would be excellent for piston-ring 
purposes if we did not have the wear factor to contend 
with. Cast iron in cylinders, pistons and rings has 
proved to be the ideal metal for all-round purposes. 
Cast iron wears less than steel in piston-ring opera- 
tions because it is made up of a steel matrix imbedded 
with minute particles of pure graphite; this graphite 
is a natural lubricant. Cast iron, however, ordinarily 
has very low physical properties, and our problem is 
to make a spring material with high elastic properties 
and yet retain the desirable wearing qualities of gray 
iron. 

The effect of the metalloids on the carbon in gray 
iron is fairly well understood, in that most foundry- 
men have witnessed the variation in the percentage of 
the total carbon in iron separated out into combined 
carbon or graphitic carbon. Great varieties of struc- 
ture can be produced from gray iron, providing the con- 
trol of the melting and refining operation is flexible. 
Very good grades of gray iron have been made by ex- 
ceptional cupola operation, but there are factors in the 
operation of the cupola that give it definite limitations. 

For the last two years we have been making all of 
our ring castings by the electric furnace process. The 
results have exceeded our highest expectations. Our 
reasons for a change from the cupola process, which 
has undeniable price advantage, were as follows: 
Phosphorus and sulphur should be kept to a minimum 
in gray iron for piston-rings. The cupola adds from 
0.02 to 0.04 per cent of sulphur during the melting 
operation. This is an amount equal to the total 
sulphur-content of good pig iron. It is difficult to con- 
tinually obtain an extremely low phosphorus-content in 
pig iron, but with the electric furnace sulphur and 
phosphorus are no longer a problem. 

The higher the total carbon in gray iron the higher 
will be the graphitic carbon, which, as previously stated, 
is very desirable as a lubricant. The form, however, 
that this graphitic carbon takes determines the strength 
or weakness of the casting. A high pouring-tempera- 
ture, together with a perfect control of the silicon and 
manganese, is necessary to produce a high graphitic 
separation in finely divided particles. The term “close- 
grained gray iron” so often used is descriptive of this 
condition. The pouring temperature of gray iron 
melted in the electric furnace can be as high as desired, 
and duplicated exactly day after day. 

The effect of oxygen on cast iron has occupied con- 
siderable attention during the last few years. For 
ordinary castings of the usual size, we believe that 
oxygen plays a very small role. But in casting indi- 
vidual piston-rings that weigh from % to 1% oz. the 
cooling is so rapid that oxygen in the metal becomes a 
serious factor. In the electric furnace no blast is used 
and, if the furnace is properly handled, any oxygen 
there might be in the charge will be reduced. 

The design of piston-rings follows somewhat the gen- 
eral design of springs, and it is necessary to know the 
physical properties of the material to make the design 
complete. Standard test-bars of any size such as might 
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be used in steel cannot be used in testing gray iron. 
The percentage of any total carbon separating into 
graphite or combined carbon will vary according to the 
size of the casting and for that reason a true test of 
the material for calculation purposes must be made on 
a specimen cast under identical conditions obtaining 
in a piston-ring casting. For that purpose we use a 
test-bar % in. wide and 5/32 in. thick. The bar is 
cast individually, and has a length of approximately 
12 in. This bar is identical with the piston-ring 
except that it is straight and the piston-ring is curved. 
A very delicate transverse testing-machine is used to 
run the test. Small increments of loading are reg- 
istered, and a dial indicator shows the deflection in 
thousandths of an inch. Test-bars in a transverse test 
show 23,000-lb. stress before taking any permanent 
set. The coefficient of elasticity shows upward of 
15,000,000 and the transverse breaking-stress runs be- 
tween 60,000 and 70,000 lb. per sq. in. In spite of the 
fact that these figures are based on a transverse test, 
you can see that they are very unusual. With this 
information it is very easy to arrive at really definite 
calculations as to the proper ring-tension, thickness, 
deflection and width. 

We take it that your question regarding increasing 
the tension of rings after manufacture means opera- 
tions such as heat-treatment or peening. We have 
never been able to get very far with any sort of heat- 
treatment on gray iron, and we do not know of any- 
one who has been successful. Steel is easily annealed, 
drawn, forged and hardened, but it has a maximum of 
0.20 to 0.80 per cent carbon, all of which remains com- 
bined. Cast iron has 3.50 per cent carbon with approx- 
imately 3.00 per cent in a graphitic form. Free 
graphite is the principal cause for weakness in gray 
iron, and it is not susceptible to changes by heat-treat- 
ment except possibly to soften the casting further. Our 
experiences show that heating gray iron generally 
weakens the structure. We have in no case found any 
heat-treating process that strengthens it. 

Cast iron cannot be successfully forged, drawn or 
hammered for the same reason that it cannot be heat- 
treated. The large percentage of graphite makes it 
granular, and any effort to peen it causes small hair- 
cracks where the peen strikes. This is not serious in 
the case of piston-rings peened on the inside, for the 
reason that the inside of the ring is in compression, 
and the outside of the ring is in tension while in opera- 
tion. The hair-cracks are closed because they are on 
the inner section of the ring. Nevertheless, the ham- 
mering process does not and cannot improve the ma- 
terial. 

All piston-rings must have an out-of-round shape 
when uncompressed, so as to fit properly when com- 
pressed in the cylinder. Rings are peened to get this 
out-of-round shape, and for no other purpose. The 
same is true of heat-treated rings. They are heat- 
treated so that they can be bent easily to the desired 
shape. A better process is to put the desired shape in 
a pattern and cast the ring with the out-of-round condi- 
tion in it. Why heat or peen a ring if the same results 
can be obtained in a solid, unstrained material in the 
casting? The need is to produce a stronger material 
for piston-rings, and nothing should be done to the 
ring after casting that will not preserve the original 
strength or strengthen it more. . 


To answer your questions more or less in order, we 
will state first that the material used in our rings is 
high-grade Northern machine-cast pig iron of various 
analyses combined so as to produce in the finished prod- 
uct as near as possible the following analysis: graphite 
carbon, 3.10; combined carbon, 0.45; silicon, 2.75; sul- 
phur, not to exceed 0.055; phosphorus, 0.55; manganese, 
0.55. This composition is for rings under 5 in. in 
diameter. In larger sizes the silicon will run some- 
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what lower and the sulphur a trifle higher, the latter 
due to the fact that we use more of our own returns in 
the large rings. 

We maintain a laboratory to analyze carefully all 
metal received and all coke, limestone, etc., and also 
analyze samples from each heat. The rings 5 in. and 
under in diameter should show a Brinell hardness of 
from 180 to 210; we endeavor to maintain it at 190. 
Our method of making this test is to use a %-in. test- 
bar and after the scale is removed apply a pressure of 
3000 kg. on a 10-mm. ball for 15 sec. We make this 
reading microscopically as to the width of indentation 
and provide for a check of this reading by determining 
the depth of the indentation. 

Our metal is melted in a cupola and by carefully and 
accurately combining the grades of iron it is not neces- 
sary for us to doctor it to obtain the proper results. 
We have used the cupola ever since we have been manu- 
facturing piston-rings and have still to be shown 
wherein an electric furnace will give any better results 
than we obtain. We pay a premium for the coke we 
use to get an extremely low sulphur-content, and buy 
the high-grade limestone and fluorspar for flux. Great 
care is exercised in the purchase and preparation of 
our molding sand and all of our patterns are made to 
the utmost accuracy, the foundry tools and equipment 
are maintained on the same basis as our machine-shop 
equipment. 

Our rings are cast individually, whether they are of 
% or 40-in. diameter, which is our present range of 
sizes. We have never made rings from pot castings 
in the 10 years we have been in business. The 
castings are made in an out-of-round shape. In 
other words, a piece is inserted in the pattern that is 
equal in length to the segment we wish to remove for 
the slot. As this is done by merely slitting the pattern 
and swaging this section in, it slightly flattens the pat- 
tern at that point and you can readily see that, when 
we remove the corresponding section from the ring 
casting, our castings will resume a perfectly round 
shape when the ends are forced together. This is a 
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method originated by ourselves and by it we obtain a 
ring casting in which there is whatever degree of 
spring we may require, and also one that, upon being 
closed to cylinder diameter, resumes a perfectly round 
shape. This is particularly important as we do not 
machine the inside of the casting, merely smoothing it 
upon a stone. This is a very desirable feature as we 
retain the skin of the casting in this manner, which as 
you know is the strongest and springiest part of the 
cast iron. 

We have, therefore, in making our castings, provided 
an absolutely circular ring with a resiliency that will 
never fail, and whatever pressure we desire by varying 
the segment in the pattern that is afterwards removed 
from the casting. By thus producing a casting in- 
herently containing all of the necessary properties such 
as pressure, truly circular form, and resiliency, it is 
absolutely unnecessary for us to use any mechanical 
means of increasing the tension, and we are unalterably 
opposed to the theory of disturbing the natural posi- 
tion of the molecules of the casting or the ring to pro- 
duce a property that we obtain by maintaining the cast- 
ing in its true and natural condition. Our rings, being 
perfectly natural in their final structure, can be opened 
to the degree necessary to put them over the piston and 
closed a great number of times without in any way 
interfering with the qualities desired. A ring in which 
a spring is artificially produced will not, we believe, 
show this same characteristic, as the particles of metal 
that have been rudely displaced from their natural posi- 
tion cannot permanently provide the same results as 
one that functions in its natural form. 

Our machining processes are built around the pecu- 
liar design and construction of our castings and are of 
course as accurate as is commercially practical. We 
employ various tools, jigs, fixtures and automatic ma- 
chines of our own design and believe that this branch 
of our work is maintained at a very superior standard. 
The greatest care is used in their inspection. It is an 
obsession with us to sacrifice whatever need be to main- 
tain or improve the quality of our product. 





GAGE-STEEL INVESTIGATION 


N the program for laboratory work to be conducted at the 

Bureau of Standards the first thing undertaken in the re- 
cently projected gage-steel investigation was to determine 
the reliability of the Amsler wear-test machine. Test discs 
of S.A.E. No. 1020 steel case-hardened and S.A.E. No. 
1090 steel hardened were made up by Pratt & Whitney Co. 
The case-hardened discs flaked in the machine mentioned 
and were consequently not suitable for determining its per- 
formance. As it is difficult to harden carbon tool-steel uni- 
formly, an oil-hardening steel was made up into discs, hard- 
ened and used for preliminary tests of the machine. 

As the progress of the wear tests has been rather slow, 
arrangements were made to get a supply of 1.10-per cent 
carbon, 1.40-per cent chromium steel for hardening experi- 
ments and wear tests and of 0.45-per cent carbon-steel for 
testing the wear of hard discs against soft. As the chromium- 
bearing steel is the most universally used gage steel, it is 
planned to make the most elaborate tests on it. 

Some quenching experiments have been made to determine 
the characteristic curves, cooling power and reproducibility 
of the common quenching media; this was accomplished by 
finding calorimetrically the average temperature of a stand- 





ard nickel cylinder after different times of immersion in the 
quenching bath. Cooling curves were thus obtained for 
quenching in water at 30 deg. cent. (86 deg. fahr.) with and 
without motion of the cylinder, for quenching in oil at 30 
deg. cent. (86 deg. fahr.) without motion and with slow and 
fast motion of the cylinder, for quenching in oil at 10 deg. 
cent. (50 deg. fahr.), 100 deg. cent. (212 deg. fahr.) and 200 
deg. cent. (392 deg. fahr.) without motion of the cylinder, 
and for cooling in still air. 

The heat-treatment of several steels in the form of 4-in. 
cylinders similar to those recommended by the committee has 
been varied with the principal object of determining the effect 
of the rate of heating on the dimensional changes. Some of 
these cylinders showing large dimensional changes on hard- 
ening are being measured for time changes. 

The length measurements are being made under the direc- 
tion of the Gage Section. This section has also prepared an 
attachment to the millionth comparator to take 4 + 0.003-in. 
blocks for measuring the changes on hardening and with 
time. The attachment includes an oil bath in which the 
specimens are partially immersed to secure temperature uni- 
formity. 
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FTER pointing out that the general question of 

weight reduction is no exception to the fallacies 
that seem to have beset the development of the auto- 
mobile from its earliest days, the author outlines briefly 
the problem confronting the automobile designer. The 
influence of the weight of the reciprocating parts on 
the chassis in general and the engine in particular is 
emphasized as being of greater importance than the 
actual saving in the weight of the parts themselves, it 
being brought out that the bearing loading due to in- 
ertia is really the factor that limits the maximum 
engine speed. Reference is made to the mathematical 
investigation by Lanchester in 1907 of the advantages 
of using materials of high specific-strength and the 
conclusions arrived at are quoted in full. A tabulation 
of the specific strengths of various materials used in 
automotive engineering practice is presented as show- 
ing the advantages of aluminum as compared with 
steel. 

The savings in weight that are possible by use of 
aluminum without any sacrifice of strength are next 
pointed out. The stiffness of steel and aluminum sheets 
is compared as one specific instance of weight reduction 
and this is followed by an extended consideration of 
aluminum connecting-rods, including an analysis of 
the loading due to inertia throughout a complete four- 
stroke cycle, and a comparison of steel and aluminum 
connecting-rods on a weight basis. The advantages of 
using aluminum to secure the required stiffness in a 
connecting-rod because of its low density are empha- 
sized, it being brought out as the result of a mathe- 
matical analysis that equal stiffness as compared with 
steel can be secured in an aluminum connecting-rod 
with about one-half the weight of the material. An 
extended comparison of steel and aluminum connect- 
ing-rods that have been in service is next presented. 
The production methods employed for steel connecting- 
rods are stated as being applicable to aluminum. The 
advantages of the combination of the aluminum piston 
and the connecting-rod are pointed out, it being stated 
that a saving of 15 lb. in this connection as compared 
with a cast-iron piston and a steel connecting-rod re- 
sults in an overall saving of about 14 times this 
amount. 


LTHOUGH automotive engineering science is now 

arriving at the stage when there are few engi- 

neers who claim that weight is advantageous 
apart from the necessities of strength, the general ques- 
tion of weight reduction is by no means free from the fal- 
lacies:and false theorizing that seem to have beset the 
development of the automobile from its earliest days. 
For example, the average salesman will assert with no 
little emphasis that it must require more energy to re- 
ciprocate a heavy piston than a light one and that the 
horsepower of the engine is correspondingly affected. 
This may or may not be true according to the design of 
the pistons and their relative friction, for it is very easy 
to conceive of a tight-fitting light-weight piston with 
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many rings offering a greater resistance to motion than 
a slack-fitting pistion of twice the weight and say one 
ring. The point is, of course, that if any mass is put 
into motion and afterward brought to rest as in the case 
of a piston during its travel, no work is done apart from 
friction. In other words, the energy put into the piston 
to start it moving is given up by it during its period of 
slowing-down to rest. With even greater emphasis it is 
claimed that the use of light pistons reduces vibration. 
This again while true as a general proposition is by no 
means an immediate truism. Most engines run at their 
best when the inertia-pressure diagram is approximately 
midway between the compression and expansion lines of 
the gas-pressure diagram, and it is again easily conceiv- 
able that for an engine running at a constant speed in- 
creasing the weight of the piston might improve engine 
smoothness. 

The case for light reciprocating parts, however, rests 
upon grounds which are overwhelmingly more important 
than the somewhat hair-splitting considerations men- 
tioned above. Before presenting this in detail it is of 
interest to review briefly the problem before the automo- 
bile designer. With a Pierce-Arrow at one end of the 
scale and a Ford at the other it is only possible to gen- 
eralize vaguely but there are certain things in common: 
first, an approximately equal passenger carrying capac- 
ity, although the seven-passenger Pierce-Arrow is usually 
occupied by three or four persons in luxury, while the 
five-passenger Ford is usually occupied by seven or more 
in acute discomfort; second, the capacity to traverse any 
road upon which the wheels can hold; and third, the 
maintenance with safety of at least the legal limit of 
speed. These three items can, of course, be supple- 
mented but they cover more or less those chiefly related 
to road performance. 

We have then in an automobile a passenger load sup- 
ported upon a frame, axles and wheels, together with an 
engine for propulsive purposes. From the viewpoint of 
the total weight involved it is obvious that the passenger 
weight is in accordance with the dictates of birth and 
diet and not under the control of the designer. The re- 
maining weight is determined chiefly by the selling price 
of the car, and the problem resolves itself into giving the 
public the maximum aggregation of virtues that will 
result in that combination of sales on the one hand and 
profit on the other, essential to commercial success and 
stability. This may be differently expressed by saying 
that the cost of material is the largest single item of the 
three factors of cost, namely, labor, overhead and ma- 
terial, and that any reduction of the material cost, that 
is any reduction of the weight and the dimensions, goes 
hand-in-hand with the reduction of labor and conse- 
quently of overhead charges. 

As in everything else the more one pays the more one 
gets or at least expects to get. The man who buys a 
typical heavy car does so because he associates with such 
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a car the cardinal virtues of reliability, comfort and 
first-class road performance and, as it is difficult to ob- 
tain these in any other way, he does not resent the rela- 
tively high running-costs involved. 

It is. therefore, the business of the engineer to fulfill 
these conditions by applying his knowledge of engineer- 
ing science and research to the reduction of weight and 
thereby of running costs without sacrificing one iota of 
reliability, luxury or longevity, and at the same time to 
reduce the cost of production so that engineering and 
economic ideals will progress together. 

An examination of the components of an automobile 
indicates that the bearing surfaces and the weight are 
closely interrelated and that in orthodox construction at 
any rate it is possible to build down to a given weight 
only by reducing the bearing surfaces to the minimum. 
Throughout an automobile we find this holding true; a 
few examples are taken at random for purposes of illus- 
tration. In the engine the crankshaft dimensions con- 
trol its own weight and the weight of the bearings sup- 
porting it; similarly with the camshaft, pistons, wrist- 
pin, tappets and other parts. The weight of the clutch 
is determined by the area of the friction contact; and 
that of the transmission by the dimensions of the gear 
teeth and centers, the desired stiffness of the gear shafts 
and the permissible load upon their bearings, which items 
in turn decide the dimensions of the case that contains 
them. The same remarks apply to the universal-joints, 
the rear-axle bevel and differential gears, the front and 
rear hubs, the brakes and the steering-gear. The essen- 
tial difference between the heavy and the light car is in 
the difference between the factors of bearing wear and 
the rigidity of construction appropriate to the problem 
in hand. 

The load upon any bearing is due in part to the weight 
arising from its own dimensions in order that it may be 
adequately supported and in part to the passenger and 
body load supported by the chassis as a whole and the 
power requirements thereof. For approximately the 
same passenger carrying capacity and body accommoda- 
tion it is easily possible to have a variation in car weight 
of from 2400 to 5000 lb. Allowing that the weight of 
the body fitted to the lighter car is say 700 lb. and that 
on the heavy car it is say 1100 lb., the chassis weight of 
the light car becomes 1700 lb. and that of the heavy car 
3900 lb., a striking example of how ideals differ in pro- 
ducing two articles professing to do approximately the 
same job. Actually, of course, they do not do the same 
job, if the average light car were put to do the work 
possible with the heavy car, it would give up the ghost 
very early. The larger shaft dimensions, bearing sur- 
faces and supports in the heavy car have been shown by 
high-duty experience to be necessary. 

While admitting and even claiming this, there have 
been developments during the past few years in the field 
of light alloys which profoundly modify the whole prob- 
lem of automobile design and make it perfectly demon- 
strable that a wholesale reduction in the weight can be 
obtained with the same or even higher factors of safety 
and wear in the bearings, and without the slightest 
sacrifice of the stiffness of shafts and general chassis 
construction so essential to a car that is required to meet 
the most exacting conditions. The object of this paper 
is to show more particularly the advantages to be de- 
rived by attacking one part of this problem only, namely 
the reduction in the weight of the reciprocating parts 
and to leave to the imagination the possibilities that can 
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be achieved when this is coupled with the general weight 
reduction referred to. As will be seen the weight of the 
reciprocating parts has an influence upon the weight of 
the chassis in general and the engine in particular, which 
is vastly more important than the weight saved in the 
parts themselves. 

The extent to which engine dimensions are a function 
of inertia rather than of gaseous pressures is often over- 
looked. At very high speeds and part throttle, as when 
driving downhill, the inertia pressures can easily be much 
greater than those due to the explosion. On the other 
hand, when at full throttle and low speed, as when pull- 
ing on high gear uphill, the situation is reversed. It 
becomes of interest and importance, therefore, to obtain 
some approximate idea of the conditions under which the 
inertia forces are greater than those due to the explosion. 

The capacity of a bearing to withstand wear between 
the limits of the oil being crushed out of the bearing due 
on the one hand to heavy pressure and on the other to 
being evaporated out by the heat generated at high 
speed, is measured by the product of its mean loading 
in pounds per square inch and its peripheral velocity in 
feet per second. This value in good automobile practice 
should not exceed 16,000. At very low engine speeds the 
inertia forces are negligible compared to the gaseous 
pressures, so that for a crankshaft say 214 in. in. diam- 
eter running at 400 r.p.m., or a peripheral speed of 4.7 ft. 
per sec., the permissible limit pressure would for a load 
factor of 16,000 be some 3400 lb. per sq. in., which is very 
much greater than that actually arising under such condi- 
tions. At high speeds, say 2800 r.p.m., with a peripheral 
speed of 32.9 ft. per sec. the allowable unit pressure 
would be some 485 lb. per sq. in., a value frequently at- 
tained and even exceeded in existing automobile engines. 

It may be said that if the bearings of an automobile 
engine are designed to take care of maximum-speed con- 
ditions, low-speed conditions will take care of themselves. 
As suggested, many automobile engines are now run- 
ning at speeds that are up to and in some cases above 
those permissible for bearing reliability and it is not too 
much to say that bearing loading due to inertia consti- 
tutes the real upper limit to commercially possible engine 
speeds. 

The advantages of the use of material of high specific 
strength, or strength per unit weight, for reciprocating 
parts were mathematically investigated by Lanchester’ in 
1907, but like many investigations this was somewhat 
ahead of its time. His generalizations are much more 
important and applicable to engine design to-day than 
they were when they were written 14 years ago, and 
constitute a good example of how pure mathematical 
reasoning from fundamentals finds a definite application 
when empirical developments have cleared the way 
therefor. He pointed out that the limiting speed of en- 
gines is determined by the strength of materials and 
that if similar engines be compared it is possible to pre- 
dict the relative safe speeds at which they can be run. 

The gist of these conclusions is quoted below and the 
engineer is recommended to study the paper in full. 


INFLUENCE OF CHANGES IN THE DENSITY AND STRESS 
ON THE HORSEPOWER DEVELOPED 


We will now revert to the general expression 
Hp = (o**/p**) F & a constant 

and discuss the influence of changes in the physical 
attributes of the materials employed, i.e. variations 
of ¢ and p (stress and density). 

Translated into ordinary language the expression 
shows that in similarly designed engines the horse- 
power varies as the 1.5th power, that is, as the cube 
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of the square root of the stress, and as the square 
root of the density of the materials employed. 

Now it is evident that the weight of the engine also 
will depend upon the variables and /, and for the con- 
ditions of geometrical similarity the form of this ex- 
pression is 

W = pl’ < a constant 
so that the horsepower per unit weight, which is the 
quantity of most interest to us, will be 
Hp/W = [o"°’/(p & p**)] & (P/E) 
= [(¢/p)** +1] Xa constant 

Let us denote the quantity 7/p by the symbol ®, and 
term it the “specific strength” of the material; then 
we have 

awa = esl 


We have now the question of weight saving in a nut 
shell. The above expression shows that to which I 
have already drawn your attention, the importance of 
subdividing the power unit by employing a multiplicity 
of cylinders of individually small size, for we have the 
horsepower per unit weight inversely as the linear 
dimension, the latter, 1, being the denominator in the 
above expression. We can also see at once the im- 
portance of employing materials of high specific 
strength; the form of the expression shows that if we 
can, by employing all-round a higher grade of material, 
say of 10-per cent greater specific strength, we shall 
effect a saving of weight of approximately 15 per cent. 

Of course, it is not always possible to effect an im- 
provement in the quality of the material in every part 
of a machine, and it is of considerable interest to us to 
ascertain where and how the saving in weight is most 
usefully effected. 

WEIGHT SAVING CONSIDERED IN DETAIL 

Let us, to fix our ideas, suppose that we have at our 
command two kinds of material, one of which has just 
four times the specific strength of the other; and let 
two carefully designed engines be built to the same 
specification, one from each kind of material. Now it 
is evident that, part for part, the one engine can be 
built one-fourth the weight of the other. There may 
be some slight difficulties in design, owing to the slen- 
derness of some of the parts, but we can brush this 
difficulty to one side by supposing the difference of 
specific strength to be wholly due to a 4 to 1 difference 
of density, that is, ¢ remains constant. 

So far we have accounted for the Hp/W varying in 
the direct ratio of ® only, but the one engine will not 
only be lighter than the other but it will develop more 
power, for its reciprocating parts will give rise to less 
inertia and the revolution speed can be increased. The 
extent to which the revolution speed can be increased 
is in the inverse ratio of the square root of the weight 
of the parts, or in the case in point the revolution speed 
can be doubled. Thus the horsepower of the lighter 
engine will become twice as great as that of the heavier 
one, or its Hp/W will be 4 x 2; that is, eight times as 
great, which is 4*° in accordance with the equation. 

We thus see that on the former supposition of a 
10-per cent improvement in the material, producing 
approximately a 15-per cent improvement in the power 
weight factor, 10 per cent of this improvement is due to 
the direct lightening of the engine and 5 per cent to 
the increased power derived from the higher revolu- 
tion speed rendered possible. 

It is thus evident that by far the greater importance 
attaches, relatively speaking, to the quality of the 
material employed in the pistons and connecting-rods, 
for these reciprocating parts do not usually exceed 10 
per cent of the total weight of the engine, and atten- 
tion given to this 10 per cent is of as much effect as 
similar attention devoted to any other 50 per cent of 
the engine. It is thus found advantageous to adopt the 
very highest class of material for pistons and connect- 
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ing-rods. For some years past I have employed a high 
grade of nickel steel both for the connecting-rod stamp- 
ings and for the blanks from which the pistons are 
turned and I believe that the results would justify 
even more attention still being paid to the rednetion of 
weight in these organs. 

A SECONDARY EFFECT 

A secondary effect, which must not be lost sight of, 
results in a saving of weight which is not obvious 
from a mere inspection of equation for Hp/W. 

We have seen that the change in the power-weight 
factor as due to ®'* takes the form of a saving of 
weight in the direct ratio of ®, and in an increase of 
power in the relation ®°*°. But we may not want in- 
creased power; it is usually some stated power that is 
required, so that [’ will require to vary inversely as 


’°*, that is, | varies as 1/®**. Substituting, we have 
Hp/Wa ® 

under the conditions of stated horsepower, that is to 

say, hp. = a constant. This may be expressed alter- 


natively by saying that for a given horsepower, for an 
engine of given number of cylinders, the weight varies 
inversely as ®™, 

The first equation may be written in the form 

Hp =¢ x ®*° x F X a constant 

In this form the ¢ relates to the stress in the work- 
ing fluid that is the cylinder pressure; taking this as 
constant we nave 


Hp a &°* [P 
and when Hp is constant we have 
** x P =a constant 
or 
la (1/#”) 


which gives the same result as before, 
W a (1/"*) 

We thus see that the saving of weight to be effected 
by employing high-grade material is even more than 
we had hitherto concluded, so that a 10 per cent higher 
specific strength would give about 17.5 per cent, in- 
stead of 15 per cent as previously concluded. The 
earlier figure was perfectly correct so long as the 
linear dimension of the engine was the constant, in- 
stead of the horsepower. 


UsE OF ALUMINUM 


In the searching that has occurred since the facts were 
recognized for materials in which the tensile-strength 
was high per unit weight, the manifest advantages of 
aluminum as compared to steel have been overlooked or 
not taken seriously. 

The specific strength of the various materials com- 
monly used in automotive engineering practice rank as 
given in Table 1. 

From Table 1 it will be seen that the specific strength 


TABLE 1—SPECIFIC STRENGTH OF AUTOMOTIVE MATERIALS 
Tensile- Weight 
Strength, per a. 
Lb. per Cubic Specific 
Sq. In. Foot, Lb. Strength 


Forged Aluminum 60,000 180 332 
0.20-Per Cent Carbon-Steel 80,000 490 163 
0.35-Per Cent Carbon-Steel 105,000 490 212 
3-Per Cent Nickel-Steel 170,000 490 348 
Sand-Cast Heat-Treated Alum- 

inum 30,000 180 161 
Chill-Cast Heat-Treated Alum- 

inum 40,000 180 212 
Malleable Iron 45,000 480 94 
Steel Castings 60,000 480 125 
Hard Cast Bronze 35,000 540 65 


Cast Manganese 60,000 540 112 
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of forged aluminum closely approaches that of a 3-per 
cent heat-treated nickel-steel, while cast aluminum is 
greatly superior in specific strength to any other cast 
material in common use. It follows, therefore, that by 
suitably increasing the dimensions of a part previously 
made in any of the other materials mentioned, except 
3-per cent nickel-steel, it can be made in aluminum to 
give the same strength but to weigh considerably less. 
This argument applies directly to cases of pure stress, 
tension, compression and shearing. There is, however, 
another very important aspect of the case, which in prac- 
tice annihilates the superior specific strength of the 
high-alloy steel, arising from the fact that where com- 
pound stresses are involved dimensions per se confer 
strength. 

It is well known that in engineering design generally 
examples of pure stress are conspicuous by their absence. 
Even in the simple case of a nut and bolt nominally in 
tension, it is very doubtful if the nut can be tightened 
without involving some degree of bending due to the 
thread being non-axial. 

A simple example of compound stress is that of a 
rectangular beam in which doubling the depth quadruples 
the load carrying capacity. It may be urged that this 
applies to all materials, as in truth it does, but a very 
large portion of the section in the region of the neutral 
axis of a beam is only lightly stressed compared to that 
at the top and bottom. This constitutes useless ma- 
terial and it is obvious that if the necessities of design 
compel useless material to be carried, as they often do, 
the lower its specific gravity the greater is the weight 
saving effected. It can, of course, be argued against 
this that it is possible to design the section of a beam 
so that this useless material is removed by the processes 
of manufacture, as in the case of rolled steel sections. 
Unfortunately, the processes of manufacture to attain 
the end of eliminating the useless material are limited in 
scope and expensive in application and this fact consti- 
tutes an exceedingly important claim for the engineering 
and economic advantages of the broadcast use of 
aluminum in its various forms. 

The essence of the technique of weight saving is a 
study of stress distribution and the design of parts so 
that the material used is proportional to the load at any 
point. While it is practically impossible to attain this 
end, at any rate in most automobile parts, due to the 
limitations of fabricating processes, the best alternative 
is to use a material in which the useless portion is of 
minimum weight. 

In automobile design, however, the question of the 
strength of the various parts is but one aspect of the 
problem. The majority of parts need consideration from 
the point of view of stiffness rather than strength. 

The history of automobile design is that of the in- 
crease in the dimensions of important details to overcome 
vibration and whippiness. For example, automobile 
frames are now girders of very great strength, but the 
strength is entirely secondary to the fact that stiffness is 
the dominant consideration in the design of a frame so 
that a closed body can be mounted with a reasonable 
chance of being able to open or close the doors after 6 
months of use. Similarly with axles, transmission cases, 
crankeases, crankshafts, and other parts, while these 
were found strong enough in ancient designs they were 
not stiff enough and their dimensions have been in- 
creased. 

The strength of a beam (nearly every part of an auto- 
mobile is a beam in one sense or another) is a function 
of the square of its depth and its safe tensile-stress, 





while its stiffness is a function of the cube of its depth 
and its modulus of elasticity. As this last expression is 
so intimately connected with the application of aluminum 
to engineering design it may be worthwhile to explair 
that the modulus of elasticity of any substance is the 
ratio of stress to strain within the elastic-limit, the stress 
being the load per square inch and the strain the exten- 
sion or compression in inches caused thereby divided by 
the original length of the piece. In other words, the 
modulus of elasticity of a material is the load that would 
double the length of a bar of the material 1 sq. in. in 
section if the section remained constant. For the com- 
mon engineering materials, such as steel, cast iron and 
bronze, the modulii of elasticity are approximately 30,- 
000,000, 17,000,000 and 14,000,000 lb. per sq. in. respec- 
tively, while for aluminum it is about 10,500,000 lb. per 
sq. in. It is of interest to note that the modulus of 
elasticity is a function of the character of the material 
rather than of its precise analysis or tensile-strength. 
Thus low-carbon steel and the nickel-chrome steel-alloys 
that may vary in tensile-strength by hundreds of per 
cent do not vary 10 per cent in the modulus of elasticity. 
Similarly the bronzes and aluminum alloys take their 
modulus from their basic material and are relatively 
little affected by the materials that compose the various 
alloys. 
STEEL AND ALUMINUM SHEETS COMPARED 

With the above in mind it is of interest to compare 
the stiffness of a sheet of steel with that of ordinary 
rolled aluminum. For similar supporting means, as in 
the panel of a door, for example, the deflection due to a 
load applied at any similarly situated point in each sheet 
is inversely proportional to the modulus of elasticity and 
the cube of the thickness. If the thickness of the steel 
sheet is say 0.04 in. and that of the aluminum 0.06 in., 
the relative deflections will be as 

1/[(0.04)° « 30,000,000] : 1/[(0.06)* « 10,500,000] 
or as 

[(0.06)* « 10,500,000] — [(0.04)* « 30,000,000] = 1.18:1 

The aluminum sheet is, therefore, 18 per cent stiffer 
than the steel sheet and 50 per cent thicker. As the 
weight of a steel sheet 0.04 in. thick is approximately 
1.6 lb. per sq. ft., while that of an aluminum sheet 0.06 
in. thick is approximately 0.9 lb. per sq. ft., it will be 
seen that this increase in stiffness of 18 per cent is ac- 
companied by a decrease in weight of 0.7 lb. per sq. ft., 
or 43 per cent. 

The relative strengths in the above example depend 
upon the square of the thickness and the ultimate 
tensile-strength, so that if the steel sheet has an ultimate 
tensile-strength of 55,000 lb. per sq. in. and the aluminum 
25,000 lb. per sq. in., the relative strengths are as 55,000 
< 0.04 to 25,000 « 0.06’, or as 90 to 88 in favor of the 
aluminum. With heat-treated aluminum sheet the ad- 


. vantage of aluminum in respect of strength compared to 


steel would be in the order of 2.4 to 1. This is a per- 
fectly legitimate example of the weight saving that can 
be obtained by using aluminum in one of its simplest 
applications to the automotive industry. A survey of 
fabricating methods and of other metals in general use 
fails to suggest any other way of obtaining a given de- 
sired strength and stiffness with such reduction in 
weight. 

It must be emphasized that by no means the least im- 
portant aspect of the case for aluminum as a means of 
obtaining light-weight construction without any sacrifice 
of strength or stiffness is that practically all engineering 
design tolerates a vast waste of material in the interest 
of economical fabrication. For example, a brake-rod that 
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is threaded at each end has only the strength of the 
metal at the base of the thread, so that all areas in ex- 
cess of this are useless. Similarly, a rolled steel beam 
supporting a floor has a constant cross-section instead 
of one proportional to the bending-moment applied. 


With light-weight alloys the same conditions arise and . 


there is of course in similar designs the same percentage 
of waste materials. The point, however, is that the abso- 
lute dead-weight of useless material in the region of 
neutral axis is of far less consequence. 


THE ALUMINUM CONNECTING-ROD 


The enunciation of these general principles leads to 
the particular consideration of the aluminum connecting- 
rod. From the point of view of specific strength, it has 
been shown that forged aluminum is greatly superior to 
the steels used in the vast bulk of automotive engine 
connecting-rods where from the strength point of view 
a steel giving from 80,000 to 90,000 lb. ultimate tensile- 
strength has proved perfectly satisfactory. There is no 
doubt that the development of the forged aluminum 
connecting-rod follows logically from the aluminum 
piston, to which many makers have been forced to re- 
turn, and for the same reason, the reduction of internal 
wear-and-tear in engines by 50 per cent, and the vastly 
improved performance obtained thereby. 

The primary advantage of forged aluminum as a ma- 
terial for high-duty connecting-rods in high-speed in- 
ternal-combustion engines arises from the fact that the 
chief cause of bearing wear and failure is the loading 
imposed upon the crankshaft and connecting-rod bearings 
due to the inertia of the moving parts. 

The loading on the connecting-rod big-end bearings is 
composed of two parts; (a) that due to the fluid, the 
gaseous mixture in the cylinder, pressures during com- 
pression and expansion, and (b) that due to the inertia 
forces arising solely from the mass of the moving parts, 
the piston and the connecting-rod. 

If the four strokes of the conventional four-stroke 
cycle are examined the following will be apparent: 


(1) At the beginning of the induction stroke, the load- 
ing of the big-end and adjacent crankshaft main 
bearings is due to piston and connecting-rod in- 
ertia only and acts on the inner side of the crank- 
pin, or that nearest the axis of the crankshaft 

(2) Slightly before the middle of the induction stroke 
the piston inertia forces vanish but the full in- 
ertia of the connecting-rod big-end is exerted on 
the inner side of the crankpin 

(3) At the end of the induction stroke the full effect 
of piston and connecting-rod inertia still is ex- 
erted on the inner side of the crankpin 

(4) At the beginning of the induction stroke the 
full effects of piston and connecting-rod inertia 
still are exerted on the inner side of the crankpin 

(5) At the middle of the compression stroke the pis- 
ton inertia vanishes and the loading on crankpin 
is due to connecting-rod big-end inertia, the direc- 
tion still being toward the inner side of the 
crankpin but slightly modified by the fluid pres- 
sure 

(6) At the end of the compression stroke the loading 

on the crankpin is the difference between the 

fluid loading due to compression and the inertia 
pressure of piston and connecting-rod. Hence 
at the moment before ignition the crankpin is 
subject to its smallest loading at least at speeds 

of 1000 r.p.m. 

At the beginning of the explosion stroke the load- 

ing on the crankpin is due to the difference be- 

tween the explosion pressure and the inertia pres- 


-_ 
~! 


sure of the piston and the connecting-rod. At 
high speeds and part throttle these may also neu- 
tralize each other 

(8) At the middle of the explosion stroke the pre- 
ponderating load is due to the fluid pressure but 
the centrifugal loading due to big-end inertia 
remains 

(9) At the end of the explosion stroke the loading of 
the crankpin is due to the sum of the inertia pres- 
sures due to the piston and the connecting-rod 
plus that due to the fluid pressure and is exerted 
also on the inner side of the crankpin 

(10) At the beginning of the exhaust stroke the load- 
ing is on the inner side of the crankpin and due 
to piston and connecting-rod inertia 

(11) At the middle of the exhaust stroke the loading is 
on the inner side of crankpin and due to the big 
end of the connecting-rod inertia 

(12) At the end of the exhaust stroke the loading is 
on the inner side of the crankpin due to piston 
and connecting-rod inertia 


With regard to the 12 positions of the crankpin men- 
tioned, it will be seen that in three only, namely, the end 
of the compression stroke and the beginning and the 
middle of the explosion stroke, do the fluid pressures in 
any appreciable way counteract the effect of the inertia 
pressures. It will be seen also that the pressure on the 
inside of the crankpin bearing due to the centrifugal 
action of the big end of the connecting-rod is always 
present. This action is approximately that due to the 
weight of the big end of the connecting-rod, the weight 
obtained by placing the big end of the rod on a scale-pan, 
while the small end is freely supported in space. It 
should be noted also that at the top and the bottom of 
the stroke, the inertia pressure on the inner side of the 
crankpin is that arising from the whole mass concerned, 
or the complete piston plus the whole connecting-rod. 

In general the inertia effect of the connecting-rod may 
be considered as if the weight of the big end as previously 
described is concentrated to the crankpin while the dif- 
ference between this weight and that of the whole con- 
necting-rod, or the weight of the small end, is concen- 
trated at the wrist-pin. For example, a steel connecting- 
rod for a 3%-in. bore engine made as light as prac- 
ticable weighs about 3.50 lb., of which 2.75 lb. can be 
reckoned as rotating mass and the remaining 0.75 lb. as 
reciprocating mass. In aluminum this could be reduced 
to 2 lb., of which about 1.5 lb. would be rotating and 0.5 
lb. reciprocating mass. 

A cast-iron piston for a 3.5-in. cylinder bore weighs 
about 2.25 lb. complete. 

The effect of using an aluminum connecting-rod would 
in such a case reduce the big-end loading due to inertia, 
neglecting connecting-rod angularity, in the ratio of 
2.75 to 1.50 at the middle of the stroke, where the piston 
inertia forces vanish, and in the ratio of 5.75 to 4.25 at 
the ends of the stroke, an advantage in the reduction of 
the load factor varying from 40 to 26 per cent, or a mean 
reduction of some 33 per cent. 

The advantage thus obtained can be utilized by 


(1) Reducing the width of the bearings by 33 per cent, 
which in turn reduces the overall length and the 
total weight of the engine 

(2) Reducing the gear-ratio and running the engine 
at a higher speed, thus obtaining a better per- 
formance with the same factor of bearing safety 

(3) Improving this factor in engines that are unduly 
supplied with bearing surface 


In brief, the use of aluminum for connecting-rods 
affords a ready means of making great overall economies 
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in a new design and of allowing a considerable develop- 
ment of existing designs. 


CONNECTING-RoD DESIGN 


The greatest difficulty in connecting-rod design is to 
give adequate support to the babbitt or other material in 
direct contact with the crankpin without an undue in- 
crease of the weight. This is not a matter of strength 
of the supporting means, either steel or aluminum, but 
of securing stiffness. In this connection aluminum is 
particularly valuable owing to its low density. For ex- 
ample, a connecting-rod to suit a 2-in. diameter crank- 
pin must be bored out to at least a 21% in. diameter, 
leaving 1/16 in. for babbitt. The mean thickness of the 
metal surrounding the babbitt in steel should be at least 
14 in., neglecting big-end bolt bosses. 

The mass of such a big end in steel is, therefore, pro- 
portional, the difference between the squares of the out- 
side and the inside diameters multiplied by the density, 
or 

[ (2.625)? — (2.125)*] x 0.28 = 0.7 

The stiffness for the same internal diameter is approxi- 
mately proportional to the cube of the mean thickness 
times the modulus of elasticity or 

0.25° & 30,000,000 — 468,750 

Since the stiffness of a part is proportional to its 
modulus of elasticity, other things being equal, and as 
the modulus of elasticity of aluminum is 10,000,000, 
while that of steel is 30,000,000, it follows that to obtain 
the same stiffness of the big end in aluminum as in steel 
the thickness must be increased accordingly. 

Y (30,000,000 — 10,000,000) — 1.44 

The equivalent thickness, therefore, in the above ex- 

ample becomes 
0.25 & 1.44 — 0.36 

From this the relative weight of the aluminum big-end 
is as before proportional to the difference of the squares 
of the outside and the inside diameters multiplied by the 
density, or ; 

[ (2.845)? — (2.125)*] x 0.1 = 0.36 
Thus it will be seen that the same stiffness can be ob- 
tained in an aluminum rod for about one-half the weight 
of material required in a steel construction. 

Apart from the amount of metal required to give the 
desired stiffness of bearing support, the question arises 
as to the number of bolts for securing the big-end 
bearing-cap. As a rule four bolts make a much better 
job than two and incidentally need be no heavier. 

It is important to provide plenty of bearing surface 
between the cap and its abutment on the connecting-rod. 
The proportions of the small end of the connecting-rod 
are dependent upon the vagaries of the designer of the 
wrist-pin, but it should be kept in mind that the weakest 
part of the wrist-pin in a vertical engine is at the top of 
the rod, through which an oil-hole is generally drilled. 
The metal at this point should be 2'5 to 3 times as thick 
as at the sides of the wrist-pin. 

Coming now to the proportions of the shank of the 
connecting-rod, namely that part between the big and 
small ends, the region is entered in which much high- 
class mathematics may be applied. This would be justi- 
fiable if engineers had any complete knowledge of the 
distribution of the stress in a connecting-rod; as such 
knowledge is only now being acquired in respect of the 
very simplest structures, experience is still the best 
guide. In the nature of things it is highly probable that 
stress distribution is more uniform in a ductile metal 
such as forged aluminum than in less ductile metals such 
as nickel-chrome steel. 
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In the present state of knowledge it appears to be per- 
fectly safe to make the section of an aluminum rod that 
replaces a reliable steel rod such that the section in the 
aluminum rod is similar to that in the steel rod.and of 
twice the area. All designers will realize the number of 
exceptions there may be to this rule and the desirability 
of consultation with the prospective suppliers of the 
aluminum connecting-rod forgings. 

The effect of aluminum connecting-rods on crankshaft 
bearing design is important. Many engine builders use 
counterbalanced crankshafts to reduce main-bearing 
wear, particularly on the middle main-bearing. There 
are, however, certain distinct objections to this prac- 
tice. In the first place, a counterbalance crankshaft is 
heavy and expensive, and in the second place it intro- 
duces a distinct liability to torsional periodicity, particu- 
larly in six-cylinder engines. 

The necessity for such crankshafts arose from the 
bearing wear that was due in turn to heavy pistons and 
connecting-rods. The use of aluminum rods reduces very 
considerably the crankshaft skipping-rope action which 
causes bearing wear. It is safe to say that in combina- 
tion with aluminum pistons as well, counterbalanced 
crankshafts are unwarranted and disadvantageous. 


COMPARISON OF STEEL AND ALUMINUM CONNECTING-RODS 
IN PRACTICE 

An interesting example of the truth of the foregoing 
remarks is obtained by comparing the characteristics of 
a steel connecting-rod taken from one of the best four- 
cylinder engines produced and of an aluminum rod that 
has done many thousands of miles under most exacting 
conditions without a suspicion of failure. The only criti- 
cism that can be urged against the steel connecting-rod 
under discussion is that it is too light, particularly in 
respect of the metal supporting the babbitted shell in the 
big end. The steel connecting-rod is from an engine of 
33¢-in. bore and 5-in. stroke; the aluminum rod is from 
an engine of 414-in. bore and 414-in. stroke. 

The detail dimensions and weights are as follows: 


Steel Aluminum 

Length betweeen Centers, in. 12% 115% 
Diameter of Big-End Bearing, in. 1% 2 
Length of Big-End Bearing, in. 2% 2% 
Diameter of Wrist-Pin Bearing, in. t 1% 
Length of Wrist-Pin Bearing, in. 1% 15% 
Total Weight of Rod, lb. 2.900 2.149 
Weight of Big End, lb. 2.340 1.690 
Weight of Small End, lb. 0.560 0.450 
Weight of Piston’, including Wrist- 

Pin and Piston-Rings*, lb. 1,206 2.040 
Total Reciprocating Weight, Ib. 1.766 2.490 
Total Reciprocating Mass, lb. 2.340 1.690 


’Piston is made of aluminum in each case. 
*The piston used with the steel connecting-rod has three piston- 
rings, while that used with the aluminum connecting-rod has four. 


Now as previously stated the loading of the crankpin 
bearing due to the inertia forces is ascribable in part to 
the centrifugal effects of the rotating mass of the big end 
of the connecting-rod itself and in part to the reciprocat- 
ing inertia-effects of the piston and the connecting-rod 
small-end. These latter apply at the top and the bottom of 
the stroke only, while the former acts continuously. The 
mean loading, therefore, is that due to the rotating mass 
of the big end plus half that due to the reciprocating 
masses, as these are fully manifested only at each end of 
the stroke and vanish about the middle thereof. 

The actual pressures manifested are directly propor- 
tional to the weight of the parts in question, the square 
of the number of revolutions per minute and the stroke. 
In comparing the two connecting-rods, however, the speed 
of the engine may be neglected, as the comparison be- 
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tween the two rods at any engine speed will hold at any 
other. We have then the average loading of crankpin 
proportional to the stroke multiplied by the sum of one- 
half the weight of the reciprocating parts and the weight 
of the rotating parts. 

For the steel rod this becomes 

5 [ (1.766 + 2) + 2.340] — 16.100 
while for the aluminum rod the loading is proportional to 
4.25 [ (2.49 + 2) + 1.69] = 12.50 

The advantage obtained in reduction of big-end bear- 
ing pressures by the use of aluminum connecting-rods is 
thus clearly manifest, especially when it is noted that in 
each case aluminum pistons of similar design were used. 
The argument, however, goes much further than this, as 
the engine in which the steel rods are fitted is of 3%-in. 
bore and 5-in. stroke, while that with the aluminum rods 
is of 4%-in. bore and 414-in. stroke. 

The final result may be computed in terms of cylinder 
capacity or of piston area. In the former the inertia 
effects of the steel rod are proportional to 16.100 -— 45 
0.368, while for the aluminum rod this “figure of merit” 


becomes 12.500 — 55 = 0.228. Figured on the basis of 
piston area, the comparison becomes 16.10 -— 8.90 1.81 
for the steel rod and 12.50 ~— 13.30 = 0.94 for the alu- 


minum rod. 

These figures are sufficiently striking to justify atten- 
tion, and would be even more remarkable if the engine 
with steel connecting-rods were designed to reduce the 
secondary unbalanced forces to the same extent by having 
the same ratio of connecting-rod length to crank-throw 
as that in which the aluminum rods are used. This in- 
herent advantage of the short-stroke engine can, how- 
ever, be thrown in and still leave the argument for the 
aluminum connecting-rod in its above convincing state. 

Summing up, as between two engines, one 334 x5 in. 
and the other 414 x 414 in., each using aluminum pistons 
and both of really modern design, the inertia effects that 
determine the capacity of the engine to resist wear-and- 
tear of the bearings are reduced by 38 or 48 per cent by 
the use of aluminum connecting-rods, depending upon 
whether the cylinder capacity or the piston area is used 
as a basis for comparison. If it is argued that in the 
case of the engine with steel rods the wear-and-tear is 
satisfactory from the user’s point of view, the figures 
then show clearly the possibilities of reducing the size 
of the bearings and the overall length of the engine, and 
of the manufacturing economies in respect to the total 
weight of material required for a given result. 

In addition to the above analysis of bearing loading it 
may be of interest to compare the strength of the alu- 
minum and the steel rods. Considered as a strut, the 
strength of a connecting-rod is directly proportional to 
the moment of inertia of its cross-section at the point of 
maximum stress (which is approximately midway between 
the ends) and the modulus of elasticity of the material, 
and inversely proportional to the square of its length. 
The student will recognize the above as the basis of 
Euler’s formula, which is used as a ready means of com- 
parison for the reason that the relation of the length of 
automobile connecting-rods to their cross-section does not 
vary greatly in practice. The moments of inertia of the 
cross-sections of the connecting-rods are 0.024 and 0.090 
for the steel and the aluminum rods respectively. 

The relative load-carrying capacity is then (0.024 « 
30,000,000) — (12.125)* = 4900 for the steel connecting- 
rod and (0.090 « 10,000,000) (11.625)* = 6650 for the 
aluminum connecting-rod, or the relative strengths of the 
steel and aluminum rods are as 1 to 1.36, the relative pis- 
ton areas and total explosion pressures being as 1 to 1.5. 
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On this reckoning it will be seen that the aluminum rod 
is not proportionally so strong as the steel rod. On the 
other hand, the aluminum rod in question has been sub- 
ject to most drastic running without a suspicion of fail- 
ure and from all practical points of view is well up to 
its job. 

The truth is that the loading of a connecting-rod is so 
complex that it is difficult to reduce it to calculation. If 
engines were run at full throttle continuously at low 
speeds, the explosion pressure would be the determinant 
of the design. Just as the speed increases to that at 
which engines normally run, so do the inertia effects can- 
cel out those of the fluid pressure, while at the very par- 
tial throttle required to run an automobile at say 30 
m. p. h. the inertia effects completely overwhelm those 
of the explosion. Further, the compressive stresses set 
up by the explosion are not nearly so harmful as the 
alternating stress induced by inertia, so that the above 
discussion in respect of the explosion pressure is of not 
much more than academic interest. 

In practice it is difficult or impossible to stamp steel 
rods of sufficiently light section, and subsequent machin- 
ing is necessary to obtain the best results in respect to 
strength and lightness. The steel rod in fact suffers 
from excessive strength and insufficient stiffness. Even 
if machining is resorted to in order to reduce the weight 
of the rod, the extent to which this can be done is prac- 
tically limited to the shank of the rod and the resultant 
effect is small. For example, on the steel rod in question 
the reduction of the average section of the rod to 1/16-in. 
thickness instead of the average 7/64 in. aimed at in 
forging would reduce the weight by some 3 oz. only, about 
6 per cent, an insignificant result compared to that easily 
attainable by the use of forged aluminum. 


MANUFACTURING CONSIDERATION 


The general methods of manufacture applied to steel 
connecting-rods are equally applicable to aluminum. In 
aluminum rods machining the shank to reduce the weight 
may be dispensed with, as the consequent reduction of 
the weight is negligible. Further, there is no necessity 
for bushing the small end of the rod, although such 
bushing may be desirable in the case of small-bore en- 
gines where the wrist-pin is necessarily short. 

Similarly, with aluminum rods the same babbitted shells 
may be used as with steel rods, although this practice is 
regarded as mechanically deficient with either steel or 
aluminum rods. The use of the babbitted shell necessi- 
tates increasing the total weight of the big end to com- 
pensate for the additional diameter of the big-end bore 
necessitated by the shell. More important still, the heat 
generated by big-end friction and that conducted down 
the rod from the hot region near the piston, has to be 
dissipated through two oil-films, that between the bab- 
bitted shell and the crankpin itself and that between the 
outside of the babbitted shell and the connecting-rod big- 
end proper. As the whole object of a bearing is to dissi- 
pate readily the heat generated by friction, it is difficult 
to see why its conductivity should be reduced by 50 per 
cent. 

It may be argued that the advantage of the babbitted 
shell lies in its capacity for ready replacement. While 
this may be true, the percentage of bearing failures when 
babbitted shells are not used is so small as to make it more 
satisfactory and economical to replace the whole con- 
necting-rod. As in many other instances in automobile 
design, the provision made for replacement makes the re- 
placement necessary. 

On the above grounds the use of direct-babbitted con- 
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necting-rods is strongly urged. From the production 
point of view there is no more difficulty than in babbitting 
a bronze shell and there is the economy obtained by dis- 
pensing with the shell. Successful methods of babbitting 
aluminum connecting-rods have been developed from the 
points of view of a complete technical solution of the 
problem and of rapid economical production. The results 
of these methods are such that the babbitt in a connecting- 
rod can be removed only by melting or laborious chip- 
ping. There is a definite metallic fusion between the 
aluminum and the babbitt that it is practically impos- 
sible to obtain with steel or bronze. 

In the foregoing it has been taken for granted that the 
virtues of the aluminum piston are generally recognized 
by engineers; however much they may differ as to 
whether these virtues are offset by disadvantages. The 
renaissance of the aluminum piston is beyond doubt, so 
that it is fair to assume that the aluminum piston has 
been found to possess a number of advantages. It may 
not be out of place to state that this is due to the fol- 
lowing: 

(1) The elimination of piston slap by the use of pis- 
tons capable of distorting under high temperature 

(2) The reduction of wear by carefully finishing the 
surface of the cylinder bore and the development 
of piston alloys of a hardness comparable to that 
of cast iron 

The combination of aluminum piston and connecting- 
rod allows for a weight reduction of at least 40 per cent 
in these parts compared with ferrous metals as now em- 
ployed. The consequences are 

(1) That the engine may be speeded up with safety in 
the ratio of V (100 ~ 60), or 30 per cent with the 
same bearing areas 

(2) The bearing areas may be reduced by from 30 to 
40 per cent and the engine run at the same speed 

(3) Combinations of (1) and (2) 

Working along these lines, the author has recently de- 
signed an engine with 314 x 5-in. cylinders in which the 
bearing load factor at 3200 r.p.m. does not exceed 14,000 
with big-end bearings 11% in. between the crank webs and 
11% in. in net width. With cast-iron pistons and steel rods 
the corresponding net width of big-end bearing would be 
about 154 in. The saving in the overall length on a six- 
cylinder engine is, therefore, some 3 in. in respect of big 
ends alone, together with further saving of the same 
amount in the main bearings. 

The saving in engine weight arising from this reduc- 
tion of bearing surface is about 15 per cent, while the 
available engine speed and torque are all that is required 
for a car of the medium large type. In other words, a 
240-cu. in. engine thus designed with a 41%, to 1 gear- 
ratio is capable of doing the work of the average 300-cu. 
in. engine with a 4 to 1 gear-ratio. 

The disposition of weight in an automobile chassis is 
roughly as follows: 

Per Cent 


Engine 25 
Frame 10 
Wheels and Tires 12 
Clutch and Transmission 10 
Torque Member, Universal-Joints, etc. 2 
Rear Axle 12 
Front Axle 3 
Radiator and Hood 4 
Springs 8 
Electric Equipment 6 
Steering-Gear 2 
Gasoline Tank 1 
Miscellaneous 5 





Of these approximately 25 per cent, notably the frame, 
wheels and tires, is substantially independent of the 
chassis weight in that they are dominated in design by 
body considerations. Treating the engine as a separate 
unit weighing 25 per cent of the total chassis, we are 
left with 50 per cent of the chassis weight varying in 
some degree with the engine torque. The multiplicity of 
considerations underlying the design of these parts pre- 
cludes any definite statement of the extent of this varia- 
tion, but it is probably safe to say that for equal rigidity 
of construction the net saving is proportional to the 
square root of the ratio of the torque under consider- 
ation. 

Thus the weight of the transmission of a car with a 
240-cu. in. engine compared to that of a 300-cu. in. en- 
gine, both developing the same brake mean effective pres- 
sure, would be as 240/300 = 0.89, indicating an 11-per ° 
cent saving in this respect. Summing up, we have a 
weight reduction of 15 per cent in the engine itself, or 
some 3.75 per cent of the whole chassis, together with say 
an 11-per cent reduction in the weight of 50 per cent of 
the chassis, or 5.5 per cent of the whole; in all some 9 
per cent arising indirectly from the use of aluminum con- 
necting-rods and pistons. In the case of a chassis weigh- 
ing 2400 lb. the net result is, on the above reasoning, a 
saving of 216 lb. The weight of the cast-iron piston and 
steel connecting-rod in a six-cylinder 300-cu. in. engine 
would approximate 36 lb., while their aluminum counter- 
parts would weigh some 21 lb. Thus a saving of 15 Ib. 
in pistons and rods results in an overall saving of about 
14 times this amount. 

To forestall criticism, no one is more aware than the 
author is of the vagueness of this estimate, due to the 
vast number of factors that enter into the problem. On 
the other hand, there is no doubt of the truth of the gen- 
eral proposition as to the enormous benefits to be derived 
by reducing the weight of reciprocating parts by the use 
of light-weight alloys. The limitations of this paper un- 
fortunately preclude any discussion of the potentialities 
that lie in the application of these materials throughout 
the chassis. The fact that extended experience has shown 
them structurally suitable for the hardest worked parts 
of the whole chassis indicates the confidence with which 
they may be applied elsewhere. 


THE DISCUSSION 


DAVID FERGUSSON :—Mr. Pomeroy’s paper is so con- 
vincing that it is somewhat difficult to give good reasons 
for not following his advice. However, there are a few 
points that I would like to call attention to. In the table 
giving the specific strength of various automobile mate- 
rials, the figures of most consequence are those of the 
elastic-limits of these materials, rather than those of the 
ultimate tensile-strengths. If this be conceded, it 
changes the position of the forged aluminum materially. 
I believe I am right in stating that the elastic-limit of 
forged aluminum is about 25,000 lb. per sq. in. Its speci- 
fic strength in relation to its elastic-limit is therefore 
133. The elastic-limit of 0.35-per cent carbon-steel heat- 
treated to give 105,000-lb. tensile-strength will be about 
80,000 lb. per sq. in., giving a specific strength of 163, or 
nearly 25 per cent greater than that of forged aluminum. 
The elastic-limit of 3-per cent nickel steel heat-treated to 
give a tensile-strength of 170,000 lb. per sq. in. will be 
about 130,000 lb. per sq. in., giving a specific strength of 
263 or double that of forged aluminum. 

A doubtful point in connection with this comparatively 
new material is its life or endurance. Mr. Pomeroy has 
had personal experience with this in service, which is the 
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real test, yet a test I had made about 3 years ago in a 
Stanton fatigue-testing machine gave very poor results, 
the specimen failing after 1092 blows of a weight falling 
1 in. Common screw-stock of about 0.20-per cent car- 
bon-steel stood 6000 blows. Forged aluminum, no doubt, 
has been improved since this test was conducted. 

The hardness of forged aluminum is I believe only 
about 100 Brinell, compared with 230 for heat-treated 
0.40-per cent carbon-steel. If this is so, is there not 
trouble due to the metal peening-out? This would re- 
sult in the small end of the connecting-rod enlarging on 
the piston-pin if no bearing bushing were used, or in the 
bushing becoming loose, if one were used. Is there any 
trouble due to the big-end bolt-heads peening their way 
into the softer aluminum? Is it necessary to use a large 
steel washer between the connecting-rod cap and the 
nuts on the big-end bolts? 

Is there not some trouble from the greater expansion 
of the small and big ends of the aluminum rod, giving 
these a greater clearance than desirable and so causing 
a knock? This is one of the troubles I have had with 
aluminum pistons in which the piston-pin floated in the 
piston. Unless these were assembled very tight when 
cold, there would be a knock when the piston warmed-up. 

Is not the cost of the aluminum forging somewhat ex- 
cessive? When I looked into this matter three years ago 
I found that the cost was so great that it would pay 
to use steel and machine the rod all over, as the saving in 
weight would then be very little, the only large saving 
being in the big end, as I considered, perhaps wrongly, 
that the cross-section of the rod should be three times 
that of the 0.35-per cent carbon-steel that is the material 
I have used on all medium-speed engines, the stiffness 
being as great as that of the higher-priced alloy-steels. 
The elastic-limit of this steel is three times that of the 
aluminum and the modulus of elasticity is about three 
times that of aluminum, while the specific weight of the 
aluminum is less than one-third that of steel. In making 
the comparison, I, of course, figured on a bronze bushing 
in both the large and small ends of the aluminum con- 
necting-rod. 

The saving in the length of Mr. Pomeroy’s engine, due 
to the use of aluminum pistons and connecting-rods, is 
certainly very interesting. However, I have found that 
the length of a six-cylinder engine is largely controlled 
by the diameter of the cylinder bore; the wall thickness; 
. and the space for water between the cylinder barrels, 
which I consider a necessity. The last named cannot be 
less than 14 in. and should be more to satisfy foundry 
requirements. The diameter of the crankshaft must be 
so large to avoid excessive torsional vibration that the 
length of the bearings that the above conditions admit 
of are usually ample for all medium-speed engines. 

I would like to hear more of the type of aluminum 
piston Mr. Pomeroy has had most success with, includ- 
ing how he avoids piston slap when cold and scoring 
when hot. I believe that there is a great future for the 
use of forged aluminum in automobile construction. Mr. 
Pomeroy has done much to show the way. 

L. H. Pomeroy:—Mr. Fergusson, with characteristic 
thoroughness, puts up the contra side of the aluminum 
versus steel argument. I cannot, however, let his figures 
on specific strength in terms of elastic-limit pass with- 
out comment. In the first place, the elastic-limit of any 
material is most difficult to ascertain. In fact, the only 
physical properties that can be determined with any- 
thing like accuracy are the ultimate stress and the 
elongation. It is upon the former of these that the vast 
bulk of safety factors are based. Without going into 
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this very vexed question, let us see what happens if, in- 
stead of taking the elastic-limit as a basis for determin- 
ing the specific strength, we take another quantity that 
is related thereto but more easily measured, namely the 
yield-point. 

It is well known that by suitable heat-treatment carbon 
and alloy-steels can be made to give a very high ratio of 
yield-point to ultimate tensile-strength at the expense of 
elongation, but such high ratio and consequent brittle- 
ness by no means make the material more suitable for 
practical purposes. In other words, experience shows 
that elongation is a necessary characteristic of most ma- 
terials of construction and that it must be obtained even 
at the sacrifice of a high yield-point. This in itself to a 
large extent invalidates Mr. Fergusson’s basis of com- 
parison unless such basis predicates the same elongation 
as may be obtained with wrought aluminum. The yield- 
point of a good wrought aluminum alloy with an elonga- 
tion of 20 per cent is approximately 35,000 lb. per sq. in. 
with an ultimate stress of 60,000 lb. The specific strength 
in terms of the yield-point becomes therefore the yield 
stress divided by the weight per cubic foot, or 35,000 ~ 
189 = 185. The physical characteristics of S.A.E. No. 
1035 steel, having a carbon-content of 0.35 per cent, as 
given in the S.A.E. HANDBOOK show that when this ma- 
terial is treated to give a 20-per cent elongation it has an 
ultimate stress of 95,500 Ib. per sq. in. and a yield-point 
of 64,500 lb., the specific strength in terms of the yield- 
point being 64,500 — 490 = 182. 

Similarly, S.A.E. No. 2330 steel, which is a 3-per cent 
nickel 0.30-per cent carbon-steel susceptible of being 
heat-treated to give 170,000-lb. ultimate stress, possesses 
only an elongation of some 11.5 per cent in this condi- 
tion. When treated to possess an elongation of 20 per 
cent the ultimate stress becomes 104,000 lb. per sq. in. 
and the yield-point 77,000 lb., the specific strength in 
terms of the yield-point being 77,000 ~— 490 = 157. 
These figures show then that the specific strengths of 
wrought aluminum, 0.35-per cent carbon-steel and 3-per 
cent nickel 0.30-per cent carbon-steel, all with an elonga- 
tion of 20 per cent, are 185, 132 and 157 respectively, in- 
stead of having values of 133, 163 and 263 as given by 
Mr. Fergusson. 

With respect to endurance or resistance to repeated 
stress, one cannot of course expect all the poor results to 
be found with steel only. I would only remark that there 
are few tests that seem to have provoked more argument 
as to their value than fatigue tests in general. In actual 
practice automobile engine connecting-rods can be made 
in aluminum with from 55 to 60 per cent of the weight 
of a steel connecting-rod, including bolts, babbitt, etc., 
and have stood up under the most strenuous conditions. 
In the aluminum car I have designed we run the engine 
at speeds of over 3000 r.p.m. with impunity and in a col- 
lective mileage on four cars of nearly 80,000 miles and 
on one car of some 40,000 miles there has not been a 
symptom of failure. Forty thousand miles with a gear- 
ratio of 4.25 to 1 is approximately 1780 hr. running at 
1000 r.p.m., or 1780 “« 60 *& 1000 = 107,000,000 revolu- 
tions, or 214,000,000 strokes. Allowing three stress re- 
versals per cycle, this becomes over 150,000,000 stress 
reversals. 

Some fatigue experiments made in a fatigue-testing 
machine consisting of a motor-driven crank and weighted 
cross-head may be of interest. At 1500 r.p.m. the 
wrought aluminum rod gave a life of 353 hr. when the 
crosshead itself broke, whereas the steel rod failed in 
one case after 25 hr. and in another after 45 hr. of run- 
ning under identical conditions. The steel rod was of 
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smaller section but 
aluminum rod. 

So far as peening-out is concerned no trouble has been 
experienced, nor should there be any if sufficient metal 
is used around the small-end bearing. With steel rods, 
of course, a bronze bushing that does not peen-out is 
universally used, so that the comparison between the 
Brinell hardness of wrought aluminum and of 0.40-per 
cent carbon-steel is hardly appropriate. 

Steel washers are certainly desirable and in fact neces- 
sary to avoid trouble arising from the nut of the con- 
necting-rod bolt or lock-washer cutting the aluminum 
when being tightened. 

The difference in expansion of aluminum in contact 
with steel is about 0.001 in. per in. per 100 deg. fahr. 
Given a good initial fitting of the wrist-pin and adequate 
lubrication, no trouble is experienced, although doubtless 
these conditions are more important than with a steel 
rod unless the aluminum rod is bushed, in which case 
the requirements are identical. It is not the least of the 
advantages of the aluminum rod that the usual bronze 
bushing in the small end may be eliminated. 

The cost of aluminum rods nowadays competes with an 
unmachined steel rod if the big end of the aluminum rod 
is direct-babbitted, and is much less than that of a steel 
rod machined all over. 

I think that Mr. Fergusson’s remarks on overall en- 
gine length apply primarily to a T-head engine. Admit- 
ting his premises, there is no reason why the bore can- 
not be reduced, which shortens the engine and reduces 
weight to a greater extent than it is increased by the 
longer stroke required for a given cylinder capacity. 

The aluminum pistons to which Mr. Fergusson refers 
are of the split-skirt type made by the United States 
Aluminum Co. These pistons are characterized by the 
nature of the piston skirt, which is split to allow for ex- 
pansion, and by the section of the skirt which is designed 
to allow deformation to take place without causing the 
portion of the skirt that is in contact with the cylinder 
to go out-of-round. 

A further important feature is the discovery of a 
process for making these pistons up to 150 Brinell hard- 
ness, which has a marked effect upon their resistance to 
wear. In the engine previously mentioned these pistons 
are put up with 0.004-in. clearance for a 44¢-in. bore and 
no trouble has been experienced from seizure or slap. 

The successful aluminum piston, like the successful 
aluminum connecting-rod, cannot, however, be designed 
blindly. There is a definite technique of construction 
that has to be observed and those who imagine they can 
substitute aluminum for steel or cast iron without modi- 
fication had better not consider the matter further. 

Mr. FERGUSSON :—Have you any trouble with scoring 
of the cylinder? 

Mr. PoMEROY :—Not that I know of. 

E. H. SHERBONDY :—Is the constant you give for loads 
of 16,000 Ricardo’s or your own? And how was it arrived 
at? 

Mr. POMEROY:—The constant was arrived at em- 
pirically by Mr. Ricardo, and is in conformity with my 
own experience. It is the average loading or pressure 
taken on the crankpin bearing. 

OTTo M. BURKHARDT :—I notice that there was rather 
a sharp line of demarkation between Mr. Fergusson’s 
and Mr. Pomeroy’s figures. They represent, so to speak, 
two different schools of design. Mr. Pomeroy is basing 
his calculations entirely on the tensile-strength and Mr. 
Fergusson is basing his calculations on the elastic-limit. 
As Mr. Pomeroy says, the elastic-limit is rather an in- 


about double the weight of the 





definite figure, whereas the tensile-strength is well de- 
fined and can be obtained, even with crude testing- 
machines. All fatigue tests that I know of have in- 
variably been formulated on the basis of tensile-strength. 
During some very interesting tests made at the Univer- 
sity of Illinois, it was found that the formulation of the 
results can be made to better advantage on the basis of 
the Brinell hardness. There is a fairly definite relation 
between the Brinell hardness and the tensile-strength of 
heat-treated steel. This relation has been established by 
John Miller, the metallurgist of the Pierce-Arrow Motor 
Car Co., and is represented approximately by 


Tensile-Strength — 500 * Brinell Hardness 


No similar relation can be given for the elastic-limit 
but a very similar relation can be given for the yield- 
point. It is, according to Mr. Miller, 

Yield-Point = 550 « (Brinell Hardness — 75) 

From this it follows that, when factors of safety are 
based on the yield-point, a happy compromise can be ob- 
tained between the two schools here represented. Mr. 
Pomeroy has chosen the tensile-strength for the simple 
reason that there is no well-defined elastic-limit in the 
case of aluminum. Mr. Fergusson has chosen the elastic- 
limit because this can, through patient research, be found 
for steels, and Mr. Fergusson, I take it, is a sponsor for 
the use of steel. In the calculations that I have carried 
out I have found it most satisfactory to base the factors 
of safety on the yield-point where infrequent shocks are 
under consideration. Where fatigue is under consider- 
ation, it is advantageous to deal with the tensile-strength. 
I have analyzed somewhat further the relative merits of 
the metals here under consideration. If we denote the 
tensile-strength of ferrous metals by T; and the tensile- 
strength of aluminum by T), the ratio between the two is 

T r/Ta — K 

This relation indicates that ferrous metals are K times 
as strong as aluminum, although K may well be smaller 
than unity. 

If we further take into consideration the specific 
gravity of the two metals, we have another factor that 
rather expresses the inverse of the previous factor, 
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metals. This factor is rather constant and may easily 
be taken as 
C = 2.6/7.7 = 0.338. 

In case the structural part be subject to either pure 
tension or compression, it is obvious that the product of 
the two factors, namely K times C, would represent the 
necessary weight to be employed for an aluminum or 
steel rod or bar respectively in order that in either case 
the same factor of safety for a steady load may be ob- 
tained. I have made special mention of a steady load, 
because the factor of safety would be an altogether dif- 
ferent one in the case of a rapidly fluctuating or revers- 
ing load, as in such a case fatigue would have to be con- 
sidered and aluminum is considerably inferior to steel 
as far as fatigue is concerned. The product K * Cisa 
direct function of K only and it is an easy form to repre- 
sent graphically. For instance, if we plot different 
values of K as abscissas and as ordinates we plot the 
product K * C, as in Fig. 1, we can determine at a glance 
from the ordinates the weight of an aluminum part corre- 
sponding to an equally strong ferrous metal part. 

In case of bending, we have a slightly different prob- 
lem, as we then have to take into consideration the sec- 
tional modulus. We may agree on a section of let us 
say a width equal to three-eighths of its height and inas- 
much as the sectional modulus is determined by the 
width and the square of the height divided by 6, we have 
in case of ferrous metals 

3/8 h*® — 6 or 3 h* — 48 

Denoting with h, the corresponding dimension for an 
aluminum section, it is obvious that the section should 
be K times as strong as the ferrous metal section and 
consequently have the following relation: 

ha — 48 K = h* — 48 
From this it follows that 
ha=—hVK 

Inasmuch as the weight is proportional to the area of 
the section, we would have a relation between the weight 
of a ferrous metal lever and that of an aluminum lever, 

(3 ha’?/8) — (3 h?/8) = he /WV 
Substituting for ha, we obtain 
(iv K*) +h — Vv E 

If we multiply this weight ratio by our previously ob- 
tained constant, C 0.338, we have a direct relation be- 
tween the weight of an aluminum lever and that of a 
ferrous metal lever, both being designed to give the same 
factor of safety. 

In cases where the deflection is of the greatest im- 
portance we must bear in mind that the moment of in- 
ertia is the determining factor, and this is determined 
by the fourth power of the sectional dimensions. For 
instance, the moment of inertia of a section similar to 
that previously considered for bending would be ex- 
pressed by ; 

3/8 h* —12—8h* — 96 

Inasmuch as the modulus of elasticity of steel is 
approximately three times as large as that for aluminum, 
it is obvious that the aluminum section should be such 
that the moment of inertia is three times as large as 
that pertaining to the steel section. This insures equal 
rigidity and may be mathematically expressed by 

(3 h* — 96) X¥ 3=38 ha‘ + 96 
From this it follows that 
hah wv $=—1.3161h 

For a comparison for weights, we have to consider 

again the areas and similarly as before we have 
3/8 ha’ — 3/8 h? 


After substituting for ha, we obtain 
[3/8 < (1.8161)? x h?] — 3/8 h®? = 1.732 


In other words, 73 per cent more area is required for 
aluminum than for steel in order that both sections may 
be of equal rigidity. 

If we now multiply this constant factor by our factor 
C, we obtain 

1.732 & 0.3838 = 0.585 

Or in a case where deflection is to be held to a mini- 
mum, an aluminum part of only 58'2 per cent the weight 
of a steel part can be substituted with equal satisfaction. 

In conclusion, I would say that with steels we have 
reached some sort of an obstacle between what can be 
had out of the steel in the laboratory and what the fac- 
tory can handle successfully. We can heat-treat alloy- 
steels easily to give a yield-point of over 200,000 lb. per 
sq. in. However, it would be utterly impossible with our 
existing cutting-tools to handle a steel thus treated suc- 
cessfully in the factory. It is, therefore, necessary to 
machine steel parts while yet annealed and heat-treat 
them after machining. This, as we well know, involves 
scaling and distortion and requires grinding after heat- 
treating. The only alternative is to sacrifice the best 
that can be had from steel and be satisfied with the heat- 
treatment giving a yield-point of only half of what the 
steel is perhaps capable of, and steel so heat-treated can 
be handled successfully in the factory. No such limita- 
tion is encountered in the use of aluminum. In fact, we 
are far from getting aluminum hard enough. It is neces- 
sary to look forward to a new development of cutting 
tools to give us greater speeds so as to utilize thoroughly 
this outstanding property of aluminum that we know is 
easy cutting. 

Mr. PoMeroy:—Mr. Burkhardt’s contribution is an 
important supplement to my paper. I may say that in 
general the substitution of aluminum for steel is most 
easily achieved when the steel part is bounded by the 
atmosphere. In the case of a crankshaft, for instance, 
although it might be possible to make this in aluminum 
and save weight in itself, the necessary increase in the 
diameter to obtain strength and stiffness and the further 
increase in the weight of bearings, due to the increased 
size, would practically balance the initial weight-saving 
on the crankshaft itself. The case of a connecting-rod 
is, however, very different and there are usually no pro- 
nounced limitations in the space available for the in- 
creased section required. The case is similar with an 
automobile frame. The car to which I have referred has 
a cast aluminum frame that has stood up perfectly under 
the most arduous conditions of road use. Its weight is 
about 60 per cent of that of a corresponding steel frame. 
In this particular instance the strength is conferred by 
the dimensions, while the material is of relatively low 
tensile-strength. 

E. O. SPILLMAN:—We have been experimenting re- 
cently with a piston with slots, the piston having the 
ordinary clearances. Some of the test pistons developed 
piston slap. I have not taken them down to find out 
what the trouble is, but I think these pistons have col- 
lapsed on the off-pressure side. Should we increase the 
weight of this piston or increase the Brinell hardness? 
Does Mr. Pomeroy use aluminum shims on the big end? 

Mr. PoMEROY:—If the piston has a slap as you de- 
scribe, I think that it has collapsed. If this is the case, 
more metal is needed. We certainly do not recommend 
shims in the large end of connecting-rods. 

Mr. SHERBONDY:—Mr. Pomeroy compared the piston 
and connecting-rod weights in the Essex engine with his 
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own on a basis of cubic-inch capacity. I believe that 
these should be based on the horsepower output at any 
given speed. What does Mr. Pomeroy consider a fair 
stress for connecting-rods? And what does he consider 
a safe deflection for them? 

Mr. POMEROY:—I agree with Mr. Sherbondy that the 
basis for comparison of the weights of connecting-rods 
in various engines should be the horsepower developed 
at any given speed, since this is in terms of cylinder 
capacity if the brake mean effective pressure is the same 
in the two engines. In the case in question, the brake 
mean effective pressure of the Essex engine is about 10 
per cent higher than that of my own engine and this 
correction though small should be allowed for. 

The safe stress for an aluminum connecting-rod is 
rather difficult to state as the loading of a connecting- 
rod at high speeds is very complex. Using more or less 
accepted methods of calculation, I try to keep the com- 
bined stress in the shank of the rod down to about 5000 
or 6000 lb. per sq. in. at 3200 r.p.m. This can usually be 
done if the section of the steel rod is increased by 20 per 
cent. Each case, however, demands individual consider- 
ation. In many cases the steel rods in use are stiffer 
than they need be from forging considerations. In other 
words, most forged connecting-rods would be consider- 
ably improved if the shank section were reduced by 
machining. 

A MEMBER:—What does Mr. Pomeroy think of the 
possibility of using metallic magnesium for the same 
purpose as aluminum? 
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Mr. POMEROY:—The use of magnesium is now being 
developed for a considerable number of automotive parts. 
Its application to connecting-rods is, however, a matter 
upon which nothing can be said at the moment. 

A. J. FITZGIBBONS:—Has a successful universal-joint 
been made of aluminum? 

Mr. POMEROY:—In the case of a universal-joint the 
difficulty which arises is that of fixing the aluminum 
forging to the shafts themselves. There is no real rea- 
son why this cannot be done but so far the circum- 
stances have not arisen to cause this to be done. 

Mr. BURKHARDT:—How about the ring type of uni- 
versal-joint ? 

Mr. POMEROY :—I do not see why aluminum could not 
be used for that. 

Mr. SHERBONDY:—Another point is the question of 
expansion, where the connecting-rods and the diameters 
of the pistons are small. Here we have to deal with 3 
or 4-in. diameters and run at from 0 to 160 deg. fahr. 
temperature, so that the change in size becomes a very 
serious factor. In some cases it may cause failure. In 
fitting pistons as tightly as Mr. Pomeroy recommends, 
the only way to fit them is to heat them before putting 
them into the cylinders. 

Mr. POoMEROY:—The expansion of aluminum is twice 
that of steel. For a 2-in. diameter shaft, a 100-deg. 
temperature-difference between the steel and the alumi- 
num would mean a difference in the diameter of 0.001 in. 
and it is difficult for me to believe that this would make 
any great difference. 





OIL CONSUMPTION 


(Concluded from p. 494) 


although I still argue it is impractical to put anything 
in a piston-ring that is likely to lose its efficiency. If 
you make, as Mr. Litle says, a more or less feathered 
edge, which you could do by putting a groove in there, it 
is probable that it will retain its sharp edge if you make 
that angle acute enough. But, judging from the condi- 
tion of the rings as I have seen them, it is possible that 
the wear would gradually reduce the efficiency of that 
edge to a point where it would not exercise the control 
that it did when it was first installed. 

Regarding carbon deposit, it is a peculiar thing that in 
some territory I have been visiting recently, despite the 
fact that they pump a large quantity of oil and use much 
oil, I did not find excessive carbon-deposit. With so much 








oil on it does the piston not become hot enough to form 
carbon? Or, is the effect due to some fuel-condition that 
happens to exist in that particular territory? I think the 
latter is the case, because in Detroit, with the same 
amount of oil, the carbon deposit has been excessive. 

I was asked if compression is any better with multiple- 
piece rings than with plain rings. That is so largely a 
matter of the circumferential ring-fit and the trueness 
of the bore, that I think I cannot say authoritatively that 
there is any benefit to be obtained with the multiple ring 
at this time. I do believe, however, that a multiple-piece 
ring that expands vertically and fills the groove up and 
down is likely to retain compression after long use better 
than the plain ring. 


WAGES AND PRODUCTION 


ONEY, the medium of exchange, is a necessity to modern 

civilization, but, unfortunately, its use sometimes ob- 
scures or distorts industrial facts. Producers, especially 
wage earners, are apt to think their comforts would be 
doubled if their pay were doubled. To analyze this, let us 
suppose that at a given time the pay of all persons engaged 
in any gainful occupation were doubled, while production 
remains the same. Is it not clear that the cost of every- 
thing would be doubled, and that each one, with his double 
pay, would be able to buy only as much as he did before? 
On the other hand, let us suppose that the pay remains the 
same to each, and that at a given time by improved machin- 
ery or otherwise, the productive force of each worker is 
doubled. Is it not plain that the cost of everything would 





be reduced one-half, and that each one, on the same pay, 
would be able to buy twice as much as before? 

The only practical way to double the reward to workers 
is to double their products. Larger production per man, 
through machinery and improved methods accounts for the 
fact that workers are to-day able to enjoy comforts that 50 
years ago would have been impossible. If money were elim- 
inated, many of the popular delusions would not exist. All 
would understand that if every worker turned out twice as 
many products as formerly, deposited them in a public re- 
ceptacle, and then each carried away what he desired, in 
proportion to what he had deposited, each would carry away 
twice as much, and thus have twice as much to enjoy.—George 
H. Hull. 
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Selection of Machine-Tools 





By A. J. Baker! 





HE problem of determining when to make a change 

of equipment by substituting new machine-tools for 
old, or special machines for standard, is carefully in- 
vestigated. The fact that most manufacturers already 
have a surplus of machine-tools on hand on account of 
the demand for excessive production caused by the war 
makes the problem one not of providing for increased 
production but of decreasing its cost. The advantages 
and disadvantages of both special and standard ma- 
chine-tools are weighed and the conclusion is reached 
that, although the ability of a special machine to pro- 
duce pieces in fewer seconds is usually greeted with en- 
thusiasm, other considerations such as the possible 
changes of the design of the pieces to be made, the 
inability to secure repair parts quickly, the dearth of 
skilled labor and the waste caused by employing in- 
efficient help may make the change inadvisable. A 
method of analysis is given, by which an executive can 
determine how many cars of a particular model must 
be produced before a change of equipment can be 
justified. 


PROPOSE to lay down some general principles by 

which equipment can be scrutinized and the de- 

sirability of installing it determined. The title of 
this paper indicates machine-tools only, and since the 
application of these principles will be found to be greater 
with machine-tools than with any other type of equip- 
ment, we may let the title stand. I shall make a differ- 
ence, however, because an executive, when equipping a 
plant, must select some items of equipment, not neces- 
sarily because he can effect a saving by them, but be- 
cause he cannot produce a commercial success without 
them. 

It is just as important for an automobile to have a 
body as to have a differential gear, but since the differ- 
ential gear can be produced in a variety of ways and the 
sheet metal of the body in practically only one, the ques- 
tion of proper selection becomes much more important 
on the smaller and less expensive equipment required 
for the differential than for the heavy and expensive 
presses required for the body. Generally speaking, these 
principles apply to the selection of such machinery as 
lathes and vertical drilling, grinding, broaching, shap- 
ing, gear-cutting and milling machines, standard lines 
of wood-working machinery, hammers and the smaller 
sheet-metal presses. And in outlining those machines 
we must consider also those that were specially de- 
veloped. Although they are described under other and 
special trade names, yet in view of the work produced 
these machines still come under the same general classifi- 
cation that is applied to the simpler standard machines. 

A primary consideration that an executive must give 
to any purchase, be it design, material or equipment, 
must of course be its suitability for the purpose intended ; 
another is the availability of a source of supply. Touch- 
ing for a moment on this second point, we may look into 
the source of supply of the machine-tool industry during 
the last 10 years. 

One extremely favorable aspect of the matter is that 
there is no apparent tendency of the machine-tool indus- 
try to become monopolistic in character. It is true that 
an association exists and it is also generally true that 
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such associations ultimately must be paid for by the con- 
sumer. Many examples of this sort no doubt present 
themselves to you. However, since the manufacture of 
machine-tools apparently has always attracted a number 
of new devotees each year and since the various estab- 
lishments range in size from those employing 50 men to 
those employing from 3000 to 4000, we can feel reason- 
ably well assured of a diversity of interest and of suffi- 
cient competition to make it appear unlikely that any 
association can dictate to us as to the equipment we 
shall buy or the prices we must pay. In addition to this, 
the very remarkable growth of the machine-tool industry 
must not be forgotten. This Country is, without doubt, a 
greater producer of small and medium-size machine-tools 
than is any other. It does not stand proportionately so 
high in production of the heavier types of machinery, 
since much of this kind of equipment is produced in 
quantities so small that it does not lend itself to Ameri- 
can methods of production and calls rather for the in- 
dividual skill that is found more highly developed in the 
principal European countries. Nevertheless, as a whole, 
we have at hand all that is best in design and in work- 
manship of that class of machinery that is particularly 
applicable to the automobile trades, and which may be 
covered by lathes up to 36 in., planing machines up to 
56 in., radial drilling machines up to 5 ft., milling ma- 
chines up to No. 4 and gear-cutting equipment up to 
48 in. 

Besides we have an unquestioned superiority in the 
matter of those special highly productive machines that 
are developments of the standard equipment mentioned 
above and owe their inception so largely to the mass pro- 
duction of the sewing-machine, typewriter and automo- 
bile industries. 


THE MACHINE-TOOL INDUSTRY 


Diverting for the moment to the development of the 
machine-tool industry, prior to the war the number of 
men employed in the United States in the construction of 
machine-tools was approximately 33,000 and the output 
was valued at approximately $45,000,000 per year. At 
the peak of production during the war over 80,000 men 
were employed and the output was estimated as some- 
where between $400,000,000 and $500,000,000 per year. 
These valuations, of course, do not express accurately 
the number of machines produced because the cost was 
increased very materially during the war. But, making 
due allowance for the-non-employment prior to the war, 
the overtime work during the war, and the 100-per cent 
addition to the price of the machinery, it is reasonable 
to estimate that our machine-tool productivity of to-day, 
if stressed to its maximum, would be at least two and 
one-half times that of 1913; and it is further to be noted 
that the larger part of this increase is in the field of the 
small and medium-size machine-tools that I have already 
specified. Of course, a certain amount of increase and 
of development of production would have come in any 
case, through the normal processes of time and evolution. 
But no one I think will argue that the demand has as yet 
caught up with the unusual jump in machine-tool pro- 
ductivity that the war caused, nor will anyone be dis- 
posed to doubt that the vast majority of our factories 


520 





Vol. XI 


December, 1922 No. 6 





during that period so added to their equipment that their 
normal demands, with a requisite allowance for the in- 
crease in equipment needed to meet their increasing 
trade, have for some time past been discounted. The 
great majority of the larger automobile factories possess 
surplus equipment, the full utilization of which is not 
likely to occur for some time to come. Some of this 
equipment has been so strained and injured that it must 
be replaced within a much shorter period than would be 
the case had it been operated under peace conditions. 
But, even allowing for this, I think you all will find that 
the factories you represent possess far more equipment 
of the standard types than can be utilized, particularly 
if the peak points in the production of automobiles could 
be ironed out. Consequently, the machine-tool builder, 
who looks toward a full utilization of his plant, will use 
all his engineering ability to develop some new machine, 
the output of which shall be so great that it will relegate 
to the discard all the machines previously produced by 
him, even though they may have been so well constructed 
and so well used that their productive life is still a 
matter of several years. He will do this on the theory, 
of the accuracy of which his sales department will en- 
deavor to convince you, that you cannot afford to be 
without the newer machine because of the marked in- 
crease in production of the newer tool. If we could buy 
machines solely on the increase in production, the road 
would be easy, but this we should not do. 

In the great majority of cases, assuming that a condi- 
tion of a surplus of equipment does prevail, then the 
measuring stick by which we shall consider these offers 
is not increased production but decreased cost; and the 
two do not always go hand-in-hand. I am not dealing 
with a condition in which increased production is the 
essential thing from the viewpoint of the factory, be- 
cause I do not believe that to be the case in most fac- 
tories. My whole argument is built upon a belief that 
most of us have carried over from the war more machine- 
tools than we would by this time have acquired in normal 
times and under normal conditions, and that our problem 
is to determine whether we can afford to keep these ma- 
chines or can dispense with them. Of course, if we are 
faced with an addition to our equipment that will permit 
us to produce more cars per day, our problem is greatly 
simplified since we would have only to select the ma- 
chines that show the highest productive ability and apply 
to them the same general rules that will be laid down 
for the other case. 

I think the foregoing should convince us that we have 
an ample source of supply; that it cannot become 
monopolistic; that the increased facilities at the disposal 
of machine-tool builders and their desire to utilize those 
facilities will lead them to the development of newer and 
better machines; and that, if we can exercise some in- 
fluence, these machines may in the truest sense of the 
word be economical from the standpoint of the user. So 
much then for the market and the source of supply. 


Cost OF LABOR PER CAR 


The third principle to be considered is the importance 
of a reduction in the cost of labor per car; you will please 
note that I do not say reduction in the price of labor. 
Our industry is so unfortunate as to be one in which the 
cost of labor is by no means equal to the cost of ma- 
terial. This fact makes it difficult to iron out our pro- 
duction schedules so that the same number of cars shall 
pass through our factories day after day. The demand 
for cars is more or less seasonal; that demand, reflected 
back to the factories, gives us our dull and prosperous 
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periods, which we can not guard against by building up 
a stock of cars during the dull period, because of the 
tremendous inventory that we would accumulate by so 
doing. 

Consequently, our industry offers its employes a rela- 
tively intermittent employment. To keep approximately 
the same number of employes throughout the year is 
given only to a very few of the larger shops and to a 
greater proportion of the smaller shops. Therefore, at 
certain periods, the employment department is called on 
to supply machine operators at a time when all other 
automobile manufacturers are clamoring for them. The 
result is that skilled operators cannot be secured and we 
must entrust our work to help of no skill or training in 
the manipulation of the machine. The automobile indus- 
try has never tackled in a large way the problem of in- 
structing help, so that an adequate supply shall always 
be available. It has taken its skilled help from the other 
machine-tool-using industries, usually paying higher 
wages than most other industries could afford, and has 
never erected the machinery to replace the natural de- 
crease in the available number of skilled men, or recipro- 
cated by turning over to other industries trained men to 
take the places of those that have been taken. 

As to the wisdom of this course there can be no ques- 
tion, but we are facing a condition, and those of us who 
select the machinery must bear in mind the type of help 
that may operate it. Machines that call for adjusting 
by hand during their operation, for accurate reading of 
dials or indicators, for careful setting up of the work 
in the machine, for a complex cycle of operations involv- 
ing a developed mentality, all are to be decried, for not 
only do such machines limit the number of operators 
available, but under the stress of production the amount 
of scrap that the machines will produce is always en- 
tirely out of proportion to that produced by simpler 
equipment. 


THE SPECIAL MACHINE 


A natural development of the above line of thought 
leads us to the special machine. By this I do not mean 
the single-purpose machine or, better still, the single- 
piece machine. There is a marked difference here that 
must not be lost sight of; and our failure as an indus- 
try to keep this difference clearly before us has led to 
the adoption and use of some machines that cannot be re- 
garded as wholly satisfactory from an economic stand- 
point. In an enthusiastic endeavor to reduce time and 
to simplify operations, a number of machines have been 
developed that are useful for one piece only. They act 
as a deterrent from change in design and, generally 
speaking, are open to these objections. 


(1) Their original cost must be great because the en- 
gineering and designing must be absorbed by the 
few machines that can be made on those models 

(2) There is always considerable delay in producing 
them, so that the loss on account of the continued 
use of the older machine until the single-piece 
machine has been developed and tested out goes 
far toward overcoming the difference of the cost 
of labor between the single-piece machine and one 
of more general application that could be pur- 
chased as standard 

(3) Since most machine-tools have been through a long 
process of development, it is certain that most 
special machines must pass through a long experi- 
mental period before they can reach the ideal set 
up by their designers, this adds further to the 
delay in obtaining full production 

(4) The risk of break-down is much greater 
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(5) The delay in securing parts for replacement will 
be greater since all such parts are likely to be 
special 

(6) The retention of an additional machine as assur- 
ance against break-down will often run the invest- 
ment into large figures 

(7) The difficulty of instantly replacing an operator 

(8) The likelihood that special tools and fixtures must 
be designed and maintained 

(9) The tendency of designers to incorporate elaborate 


tooling set-ups into such machines cannot be over- 
looked 


All these are points of general application which are 
apt to be overlooked in the enthusiasm with which one 
views the statement that such a machine will turn out a 
given piece in so many seconds less than will a machine 
of a standard type. Often after a single-piece machine 
has been installed and satisfactorily operated, after its 
peculiarities of operation and tools have been fully under- 
stood and an organization has been trained that is able to 
maintain it in a state of efficiency, there is still the ever- 
present danger that a change of design may render the 
machine of no value whatever. There are to-day in the 
second-hand salesrooms so many of these machines that 
are without adjustments and are made so that they can 
produce only one piece that we need not go farther to see 
that we should step with caution. 

Such machines have no value when divorced from the 
original purpose for which they were designed. A stand- 
ard machine-tool, on the contrary, has a fixed market-value 
that depends upon its age and condition; and this value, 
carried on the books, can always be regarded as an asset. 
A special machine is apt to be carried on the books and 
to be depreciated by a nominal sum each year until a 
time comes when it is desired to turn the machine into 
dollars. A marked reduction in the inventory value must 
then be made through the inexorable law of supply and 
demand. A standard machine, on the other hand, can be 
transferred from one department to another and from 
one piece to another; its operators form a class and may 
be advertised for and hired under a classification, after 
the rates have been determined according to the location; 
the setting-up of the machine becomes a standard opera- 
ation; the design, purchase and maintenance of the tools 
are all matters of routine. In the event of a break-down, 
though only one machine may be in use, it is possible to 
secure repair parts almost immediately from the builder 
and with a reasonable guarantee of interchangeability. 

Between the single-piece machine and the standard 
machine-tool is the safe position. Some machine-tool 
builders already have recognized, and there is no doubt 
that others will recognize, the special needs of the auto- 
mobile business. They have produced machine-tools in 
which the feeds and speeds cannot be changed at the will 
of the operator but can be changed at the will of the 
executive by the transposition of gears. These machines 
permit adjustments but only by the set-up man. They 
are constructed liberally along the lines of spindles, slides, 
gearing, pulleys and the like and preferably are over- 
designed for the power that they will consume. They are 
lubricated fully and automatically and do not require the 
use of the oil-can. In the hands of the operator they are 
only single-piece machines and as such may be designed 
with a reserve of power and a rigidity much in excess of 
the more universal type of machine because their appli- 
cation is not so constrained, and they can be regarded as 
a perpetual asset even though the model, or the detail of 
a model, were discarded and another took its place. 

The same general line of reasoning will apply to tools 


and fixtures. Immense sums of money are spent in pro- 
viding new tools when models are changed or improved. 
These sums may be and frequently are calculated, and 
the money is set aside to meet the expenditure. The 
maintenance and upkeep of the tools depend largely on 
their standardization, which is more difficult if single- 
piece machines are used, since the designer is apt to build 
his tools, as well as his machine, to suit the piece. If we 
deplore the reduction in the number of skilled machine 
operators, how much more should we deplore, and at the 
same time censure ourselves for, the reduction in the 
number of skilled tool and die makers. 

It is true that an attempt has been made, and in some 
shops is well under way, to split up the tool-making and 
the die-making departments into various groups. But 
this, of course, is not applicable to the smaller shops, and 
at its best can only reduce the requirement and not abol- 
ish it. The tool designer is another of our operating 
units that each year is becoming more rare. I do not 
mean that we cannot get enough applications from tool 
designers, but I do say that a much lower percentage of 
capable men is to be found. The vision and the admin- 
istrative capacity may be there, but the instruction or 
apprenticeship course that develops a high-grade machin- 
ist, a tool and die maker or a tool designer is very sadly 
lacking. Many of the fixtures that we apply to-day 
either to standard or to special machines bear evidence 
of having been made by a novice. There is a glorification 
of the complicated. The injunction to make two ears of 
corn grow where one grew before evidently has been 
taken literally. 

If any of you have analyzed the tools and fixtures in 
your own shops and have compared them with simpler 
fixtures, not from the point of view of theory or design, 
but from that of practical application and of how much 
a part produced will cost, you will be ready to agree with 
me on this point. I have in mind a particular example 
in our factory, a certain brake connection in which a slot 
has to be milled to remove a binding strip that holds the 
two halves of a piece together during the casting process. 
The removing of this binding strip calls for no particular 
accuracy, requires no power and would be regarded as a 
simple operation to be accomplished on a hand milling 
machine with a very simple fixture; the total cost of the 
complete equipment would not exceed $500. Such an 
equipment could produce approximately 700 pieces per 
day. With an unskilled operator, a cheap tool equipment, 
no floor space and practically no tool-designing or tool- 
maintenance charges, two of these equipments would have 
taken care of all the requirements of our plant for a long 
time. Nevertheless, the actual equipment installed con- 
sisted of a very large rotary milling machine, upon the 
table of which was mounted a fixture that accommodated 
approximately 40 pieces, the fixture and the machine in 
combination costing about $6,700. One machine would, 
of course, take care of the requirements of the plant but, 
as an assurance against break-down, a duplicate equip- 
ment was ordered, so that the investment was about 
$13,400, or $12,400 in excess of the first mentioned equip- 
ment. Had the second machine not been ordered and a 
second fixture been deemed sufficient, there would still 
have been an outlay of about $9,000. 

It would be easy to show that the big machine with 
one operator, on a basis of 600 cars per day, would pro- 
duce a piece more cheaply than the two machines with 
two operators; but this is a condition that we, and I 
think most of you, do not experience. We may have a 
production of 600 cars per day for 1, 2, 3 or 4 months 
but we do not have it for 12 months. We could afford 
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to run those two small machines with two operators dur- 
ing our peak period, since the cheapest kind of help could 
be used on them, better than we could afford to spend the 
money that was spent for the expensive equipment. If 
we do the obvious thing, discard this casting and use in 
its place the stamping, we shall have on our hands two 
fixtures, one of which costs more than the full machine 
and fixture equipment that was considered in the first 
case. These fixtures have no resale value and reduce 
our inventory or assets by the amount of their original 
or depreciated value. Furthermore, such a machine, with 
its multiplicity of holding devices, will produce work that 
varies more than that which comes from the simpler 
machine. The floor inspector, passing from time to time, 
can take one of the pieces from the small machine and 
be sure that those that preceded it will have like accuracy. 
If a machine has a multiplicity of holders he cannot be 
so sure and the inspection charge will be increased. The 
scrap will be increased for the same reasons that make 
for a higher inspection charge. As the machine is run 
under the conditions of stressed production, you will find 
that some of the compartments are out of order and can- 
not be used, so the vaunted high production may be re- 
duced, depending upon the number of compartments that 
are discarded. You may say that all this is bad man- 
agement, that the compartment should not be permitted 
to get out of order, but we are talking as practical pro- 
duction men and we know that if a fixture at our peak 
period will produce three-quarters or seven-eighths of 
its true output, we are likely to continue in that state 
until a letting-up of the demand permits us to repair it. 

I shall touch also upon the importance of avoiding 
break-downs that call for the services of skilled tool 
makers when such men are at a premium. If our equip- 
ment is of such a type that the average machinist can 
effect a satisfactory repair, we shall be that much ahead 
when the tight point comes and calls for immediate 
repair. 


SKILLED WORKMEN FOR STANDARD MACHINES 


Another point that we must consider in the use of 
standard machines is the supply of skilled help that is 
yearly being turned out of the plants in which these ma- 
chines are produced. Some of ‘the machine-tool builders 
make a special point of training men, either in their own 
plants, or those of their customers, and of instructing 
them in the better handling of the machines and in the 
adjusting and setting-up, even to the point of effecting 
repairs. Such men are the nucleus around which a classi- 
fication of labor is built; they call for no breaking-in and 
for that reason simplify the labor problem. The main 
reason why companies take this step is that most of the 
machines they produce were considered in the past to be 
somewhat more complicated than ordinary machines of 
that period and, to offset a high tool-repair or mainte- 
nance charge being made against the machines, which 
would of course react against their sale, they have seen 
fit to train satisfactory operators; of such operators we 
should avail ourselves thoroughly. These men should, 
wherever possible, be incorporated into a machine-repair 
gang, because it goes without saying that the more com- 
plicated the machine, the more skill and special training 
required to dismantle and repair it. Much harm may be 
done by unskillful attempts to repair a machine. 


BASIS OF PURCHASE 


Now, having in mind these general considerations, we 
come to the reasons for purchasing new equipment or 
new machines. The one most frequently encountered is 


that the new machine will save money. It is not always 
expressed that way; it is sometimes put that the new 
machine will reduce the labor cost or will turn out a piece 
more quickly than under the old method; but these are 
not the real things to be considered. The only satisfac- 
tory reason is to reduce the cost and not to reduce the 
labor charge or increase the production per man; and in 
this cost reduction appears the consideration of the items 
that I have already touched on. The second reason is 
to increase production; in other words, to turn out more 
parts per year or per season. In this case the consider- 
ation will be whether to put in more machines of the 
type already in use or to purchase some machine that was 
an improvement but of the same general type, or to get 
an entirely new kind of machine. 

There is much to be said for maintenance standards. 
If the records show that the tool you have been using 
is up to the average in productivity, it would be foolish 
to change to another make, even if a somewhat greater 
output could be shown. Unfortunately many machine- 
tools of the same general classification differ so much in 
detail that the equipment of one cannot be transferred 
to another; the T-slots in the tables, the taper hole in the 
spindles, the thread on the spindles, the form of the tool- 
holder, the method of clamping the tools, the arrange- 
ment of the control levers all these differ very widely. 
You are therefore forced to make up special fixtures dif- 
fering in some details. from those that you have been 
using on other machines. This means that if a break- 
down occurs, and you have planned for it and have the 
extra tools available, you will have had to carry just 
twice as many fixtures in excess of actual requirements. 
If you have more than one make of machine you will 
not have the facility of immediate interchangeability ; 
you will not be able to transfer the operators with any 
degree of certainty; the foremen will spend much more 
time in the instruction of the men; the time-study de- 
partment will have to make changes in the times, be- 
cause the speeds and feeds may differ somewhat; and it 
may mean even an adjusting of rates. Further, you will 
have to keep in stock certain replacement parts for these 
machines; that, of course, will be doubled in number if 
you have in use more than one type of machine. 

Now, if we decide to put in an entirely new type of 
machine, we should give the matter a very careful anal- 
ysis. The blanks that we are using at the Willys-Over- 
land plant are shown. They can be used with additional 
machines, as.the need of such machines appears in our 
schedule of production and also with new machines that 
are brought to our attention through the production of 
our competitors’ shops, the trade journals or the visits 
of representatives of the builders or vendors of the 
machines. On the first blank reproduced you will no- 
tice the usual information as to the name of the part 
and the company by which the proposal is submitted and 
the basis on which the figuring is done so far as the num- 
ber of cars per day is concerned. From there on a de- 
tailed comparison is made that gives the current opera- 
tion as against the operation suggested, the name and 
number of machines required, the time study, the time 
per piece, the production per machine per 8 hr. and the 
cost per hundred. 

I fear, generally speaking, that is all the infor- 
mation that is considered in the purchase of new equip- 
ment; we do not figure on the cost per piece or 
per hundred expressed in wages paid out on the job. 
You will note, however, that we go a little farther; we 
have specified the present resale value of the machin- 
ery now installed. This is to be used in replacement and 
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Oct. 24, 1922. 
PROPOSED METHOD OF MACHINING PART No. 300,239—-CRANKSHAFT 


Submitted by: JONES & LAMSON MACHINE CO. 
Compared with our present method, figured on a basis of 500 cars per 8 hr. 


























PRESENT METHOD Model bl ~1 Per Car 

Production | Present 

Machines | Time per Cost per | _ Resale 

Operation Name of Machine Required Study Machine | 100 | Value of 
inShr. | Machinery 
aaa Sides and Tere Flange | 18-In. Denenteem hates 5 14.0 112 “$4 .00 $535 .00 
Face Inside of Flange | 18-In. American Lathe 2 42.5 340 1.30 $535 .00 
Space and Rough Turn Rear Bearing 18-In. American Lathe 3 27.5 200 2.00 | $535.00 
Finish Turn Flange 18-In. Aamenioen Lathe 2 39.0 312 1.40 $535 .00 
Under Cut Flange 18-In. American Lathe 2 55.0 440 | 1 .00 $535 .00 
seAterE eR: wad | J = TOTAI $9.70 |_ $7,490 .00 


PROPOSED METHOD 
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Operation Name of Machine Machines Time per Cost per Cost 
Required Study Machine 100 | of New 
in 8 hr. Machinery 
Turn Flange End for Grinding Double Carriage Fay Automatic Lathe 6 10.8 92.8 $5.20 $3, 143. 50 
Flanders Type 
3 2 Pea oa a rOTAL $5.20 ($18,861.00 
REMARKS 
Total resale value of machines for pre sent me sthod ie ; “$7 ,490 .00 — ~~ Prese sent labor cost | per hundred $9.70 
Total cost of machines for proposed me sthod ; : $18 ,861 ae i 8 wabor cost by propose sed i me thor i. $5 .20 
Total. on machinesfor ss method ; $11 ,371 .00 : Saving of labor per hundred $4.50 
Total cost of new tools for proposed method ier : __ Operators e sliminated by prop. sed me sthod 
Total increase of expenditure (including machines, tools and Al Machines figured for factor of safet y 
floor space) - Cost of taking down and inst: alling ne w “equipme! it 

Tools retired are good for produc tion of___cars per day , Cars required to pay for new equipme nt 252 ,700 
Value of tools retired (original cost of tools less 50% per annum (ine luding mac hine ry, tools and installat 


Oct. 24, 1922. 
PROPOSED METHOD OF MACHINING PART No. 300,239—CRANKSHAFT 


Submitted by: JONES & LAMSON MACHINE CO. 
Compared with our present method, figured on a basis of 500 cars per 8 hr 








PRESENT METHOD Model 4 1 Per Car 

Production Present 

Machines Time per Cost per | Resale 

Operation Name of Machine Required Study | Machine | 100 | Value of 
in 8 hr. Ms achinery 
Snacn G: Quer End) Saavine ' 18-In. American Lathe 2 56 .0 | 448 $0.99 | $535 .00 
Rough Turn Gear End | 18-In. American Lathe 2 42.5 340 1.30 $535 .00 
Finish Turn Gear End 18- Sn. Aunceleom Lathe 2 55.0 280 1.58 $535 .00 
Stes amd Chater Que End 18-In. Anneslonn Lathe 1 69 .0 552 0.80 $535 .00 
Under C Cut Gear ‘End r 18- ag American Lathe 1 162.0 | 1,296 0.39 $535 .00 
aia TOTAL $5.06 | $4,280.00 


PROPOSED METHOD 



























































Production Cost 
Machines Time per Cost per | of New 
Operation Name of Machine Required Study Machine 100 | Machinery 
in 8 hr. 
— a See End fer Grinding Double Carriage Fay Automatic Lathe 3 23 .6 | 202 .9 $2.35 | ‘$2, 883. 50 
(Flanders Type) 
a Zo TOTAL $2 35, $8 ,650 .50 
REMARKS 
Tots al resale v value of machines for pres sent me thod 5) a $4 ,280 00° Present labor cost per hun lred $5.06 
Total cost, ‘of Machines for proposed me sthod $8 ,650 .50 y abor cost by-proposed nret hor 1 __ = _ $2 .35 
Total_ ees machines for __ method $4 ,370 .00 Saving of | labor per hundre od . - Ter $2.71 
Total cost of new tools for propose ad method _ Operators eliminated by propos se ed ‘method _ i Pike aod 
Total i increase of expenditure | (ineluding mac hines, tools and Machines figured for fac tor of safe ty a. eae 
floor space) Cost of taking down and inst alling ne w equipme nt “ve 
Tools retired are good for production of ___ cars per day a _C ars Tequired to pay for new equipment 164 ,304 
Value of tools retired (original cost of tools less 50% per annum (ncluding machinery, tools and installation) 
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Compared with our present method, figured on a basis of 300 cars per 8 hr. 
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PRESENT METHOD Model 4—1 Per Car 
| Production} Present 
| Machines Time | per Cost per Resale 
Operation Name of Machine Required | Study | Machine 100 Value of 
L in 8 hr. Machinery 
Face Sides of Fienes and Turn 18-In. American Lathe 3 14.0 | 112 $4 .00 $535 .00 
Face Inside of Flange 18-In. American Lathe 1 42.5 340 1.30 $535 -00 
Space and Rough Turn Rear Bearing 18- In. American Lathe 2 27.5 | 200 2 00 $535. 00 
Finish Tere Flange 18- in. American Lathe 1 39-0 | 312 1 40 $535 .00 
Finish Cut Flange 18- in. American Lathe 1 55.0 | 440 1.00 $535 .00 
‘ eee Dn laeites | ITOTAL...| $9.70 | $4,280.00 
PROPOSED METHOD 
ee arr See : "i | i l 
J ; | oe tion| _ Cost 
Operation Name of Machine | Machines | Time | per | Cost per of New 
Required | Study Machine 100 Machinery 
| in 8hr. | 
Turn Flange End for Grinding Double Cosstane Fay Aubounatie Lathe 4 10.8 92.8 $5 .20 $3,143 .50 
(Flanders Type) BS | 
; ot sa TOTAL $5.20 | $12,574.00 
REMARKS 
To ote al resale value of mac hine Ss s for pre sent me thod i $4 ,280 .00 Present labor cost per hundred “i ” ~ $9.70 
Total cost of machines for propose od me ethod $12 ,574 .0¢ .00 | Labor cost by proposed method 7 ~ $5.20 
Total ‘ _on 0 mac shines for__ ccdiioe _method $8 ,294 .00 Saving of labor per hundred i $4.50 
T otal cost of ‘new tools for propose xd method Operators eliminated by proposed method 
Total increase of e xpenditure (including machines, tools and 7 Machines figured for factor of safety 
floor : space ; Cost of taking down and installing new equipment 
ns retire “1 are good for production of_ _cars per day eel Cars required to pay for new equipment 160 ,530 
Value of tools retire ~d (origins al cost of tools less 50°% per annum) — = 





(including machinery, tools and installation) 





PROPOSED METHOD OF MACHINING PART 
Submitted by: JONES & LAMSON MACHINE Co. 
Compared with our present method, figured on a basis of 300 cars per 8 hr. 


PRESENT METHOD 
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: ' Production Present 
Machines Time per Cost per Resale 
Operation Name of Machine Required Study Machine 100 Value of 
in 8 hr. Machinery 
Space Gear End Bearing 18-In. American Lathe 1 | 56.0 | 448 $0.99 $535 .00 
Rough Turn Gear End 18-In. American Lathe 1 42.5 340 1.30 $535 .00 
Finish Turn Gear End } 18- ia. Aanestous Lathe 1 35.0 | 280 1.50 $535 .00 
Neck and Chamfer Gear End 18-In. Aanevtoan Lathe 1 | 69 .0 : 552 0.80 $535.00 
Under Cut Gear End 18-In, American Lathe 1 162.0 | 1,292 | 0.34 $535 .00 
' she TOTAL $4.93 | $2,675.0¢ 
PROPOSED METHOD 
; i lad 
; Production Cost 
Machines Time per Cost per of New 
Operation Name of Machine Required Study Machine 100 Machinery 
} in 8 hr. 
Tee Gees End Ser Grinding Senile Canstens ay Auomatie Lathe 2 23 .6 202.9 $2.35 $2 ,883 50 
(Flanders Type) | 
ial anaes —— Se Ree iS is ee Seale Picasa le gta “ 
‘ ~ | ‘Z ITOTAL...| $2.35 _| $5,767.50 
REMARKS 
Total resale value of machines for present method $2,675.00 | Present labor cost per hundred $4.93 
Total cost of machines for proposed method mie ~ $5,767.00 Labor cost by proposed method } i) $2 35 
Total __on machines for________method __ $3,092 .00 __ Sav ing oflabor perhundred ~ $2.58 
Total cost of new tools for proposed method os __ Operators eliminated by proposed method _ os a 
Total increase of expenditure (including machines, tools and Machines figured for factor of safety = 
7 floor space) aed —|- Cost ot taking down and installing new equipment 
Tools retired are good for production of cars per day ae Cars required to pay for new equipment 116 ,240 
Value of tools retired (original cost of tools less 50% per annum) | »T 
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(including machinery, tools and installation) 
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wherever additional machines are installed; and against 
it we place the cost of the new machinery. In the tabu- 
lations at the bottom of the chart we show the total ex- 
penditure incurred, balancing the resale value of the ma- 
chinery to be discarded against the expenditure required 
for the machinery to take its place. We add to this the 
cost of the new tools required for the proposed method 
and, if an increase in the floor space is required for the 
new tool, that also appears. Each foot of floor space 
carries a certain charge that varies with the building, 
and includes the items of power, light, heat, water, insur- 
ance and the like; in other words, a floor-space charge 
that is not an overhead charge. Below this is an item 
that may be considered only when we intend to change 
over to reduce costs, as it gives the production per day 
that the tools to be retired if the contemplated action is 
taken would be good for. This figure must be consid- 
ered in connection with the actual labor cost of the parts, 
because an executive passing on this matter must know 
the contemplated production, as he would incline favor- 
ably toward the new equipment if he found that the old 
equipment were taxed nearly to its productive limit. 

Below that appears the value of the tools retired, which 
is the original cost of the tools, less 50 per cent per year. 
In other words, if the special tools and fixtures had been 
used for a few months only, we should depreciate our in- 
ventory by the full value, or cost, of the equipment at a 
figure that would be carried on our books, and at the end 
of the year that equipment would be written off 50 per 
cent, the next year 50 per cent of the remainder, and 
so on. 

A very material reduction thus takes place in the in- 
ventory value that avoids the piling-up of a so-called 
asset that really is no asset at all. Nevertheless, if no 
consideration is given to the inventory value of these 
tools, you might by carrying out the matter to a ridicu- 
lous extreme, wipe out in 1 day from the book value of the 
stock the whole item that is classified as small tools and 
fixtures and have nothing to show for it. Such action, 
of course, would involve you at once with the accounting 
department, and be very poor business. I do not wish to 
convey the impression that we actually write off our small 
tools, jigs and fixtures at the rate of 50 per cent per year, 
but for the purpose of figuring against contemplated in- 
stallments, particularly if it is for the purpose of effect- 
ing reductions in cost and not of taking care of exten- 
sions in volume, this makes a rather satisfactory ar- 
rangement. 

The next two items show the labor cost at present as 
against that of the proposed method, and the saving in 
money in labor charges. The next item, which is again 
an intangible one, shows the number of operators that 
would be eliminated by the proposed method. This is a 
matter in which the factory executive and the employ- 
ment manager are vitally interested. Labor troubles and 
short labor markets will always be with us, and the 
larger and more unwieldy the business becomes in point 
of the number of employes, the more likely are we to 
have trouble in procuring and maintaining an adequate 
labor supply. The proportion of machines taken into ac- 
count in determining a factor of safety and the cost of 
taking down and installing the new equipment are then 
listed, after which the gist of the whole matter is ex- 
pressed in the final line “The number of cars required to 
pay for the new equipment.” It is of no use to say that 
the equipment will pay for itself in 1 year or in 2 years, 
because time is an uncertain element. Few men are 
able to estimate exactly how much work will be pro- 
duced by a factory in 1 or 2 years. They may give a gen- 


eral average, but a progressive company should climb 
steadily. It seems better, therefore, to say that to pay 
for this saving a certain number of cars will be required. 
This gives two avenues for criticism, (a) the approxi- 
mate time the cars will take to absorb this expenditure 
can be determined at the date of consideration by our 
knowledge of the expected output; (b) the number of 
cars that we are likely to make before the part in ques- 
tion is changed and the equipment is thrown out of use. 
When we are considering the installation of equipment 
that is made necessary by an increased production, this 
last item is not very important, but when we are ap- 
proached for the consideration of some new machinery 
to take the place of that for which we already have spent 
our money and which already has been installed, this item 
becomes of paramount importance. 

It has been very interesting to make these comparisons 
between some of the oldest equipment now in use in the 
Willys-Overland plant and some of the latest and most 
uptodate equipment that is being offered. We find that, 
even when a great reduction in time per piece is guaran- 
teed by the machine builders and a good resale price is 
allowed for the old equipment, the actual number of cars 
required to pay for the new equipment is such that a 
rather effective damper is put on many installations that 
otherwise look as if they should be approved and author- 
ized at once. I think that is because we consider in the 
installation of machines not only the cost of labor but 
also the inventory value of the equipment already in use. 

As a matter of fact, after a study of 15 pieces as manu- 
factured on our small car, substituting for the present 
equipment the latest and best standard machine-tools as 
specially developed for the automobile industry, we find 
that an expenditure of $132,000 is required to effect a 
saving per car of approximately 42 cents. Against this 
we have an expected resale value of machinery now in use 
of not more than $25,000; and this I believe is taking an 
optimistic view as the book value of the machinery 
stands at a very much higher figure than that given. In 
addition, some $13,500 worth of special equipment, book 
value, would have to be discarded, so that we should have 
to produce about 179,000 cars of this model before we 
would be justified in throwing out what is universally re- 
garded as old machinery to give place to what is regarded 
as the very latest product of the machine-tool builders’ 
art. There are, of course, some items in which a saving 
can be made in from 40,000 to 50,000 cars; some of them, 
however, run up to nearly 500,000 cars, and I will say 
further that we have not included in our study some of 
the more elaborate equipments to amortize the expense 
of which would involve a production of nearly 1,000,000 
cars. This is on a basis of labor-cost saving only and 
does not include burden saving which, though theoreti- 
cally applicable, would nevertheless hardly be reflected in 
the cost for a very long time. 

I am well aware that much exception can be taken to 
this line of reasoning. It does not make the easiest road 
for the machine-tool builder to follow, but I think the 
figures cannot be controverted. 


SUMMARY 


In summarizing, I want to make these points 
(1) There is a surplus, both actual and potential, of 
machine-tool equipment of the standard types 


(2) Machine-tool builders are devoting their thought 
to high-production single-purpose machines of 
standard types 


(3) The craze for special machinery is passing 
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(4) Special machinery will not always stand a financial 
comparison with standard machinery 

(5) We are not, as an industry, facing our responsibili- 
ties in the matter of training operative help for 
tool and die work 

(6) When considering new equipment we cannot dis- 
regard the inventory value of existing equipment 
and the loss that would be shown on our balance 


sheet if the existing equipment were converted 
from productive machinery into excess machinery 
that will have to be offered for sale 


(7) The only good reason for installing new machinery, 
old machinery or any machinery, apart from those 
causes where a better qual:'ty is demanded, is to 
reduce the total cost of production of the complete 
part 


TRADE RELATIONS WITH SOUTH AMERICA 


2 mt the war ended the European belligerents have 
\ sought to regain the markets in foreign countries that 
had been lost during the 4 years of conflict. In South Amer- 
ica the United States had built up a vast foreign trade, 
supplying in large part the needs of the people there that 
had formerly been met by the United Kingdom, France, Ger- 
many, Italy and Belgium. The question was whether, on the 
renewal of competition from European countries, the United 
States would be able to hold the position it had won. 

Up to the outbreak of the world-wide depression in 1920, 
the United States maintained its lead practically unimpaired, 
and in that year 42 per cent of South America’s imports 
came from the United States, as against 15 per cent prior 
to the war and 46 per cent in 1917. The relative importance 
of the United States as a market for South American goods 
naturally declined in the face of Europe’s extreme need of 
foodstuffs and raw materials. In 1920, 33 per cent of South 
American exports went to the United States, against 42 
per cent in 1917 and 20 per cent, on the average, for the 
years before the war. 

The United States is one of the greatest manufacturing 
eountries in the world, but is unusual in that it produces most 
of its own foodsuffs and even a surplus for export. The 
only foodstuffs that this country needs to import in large 
quantities are the products of a tropical climate, such as 
coffee, cacao and sugar. A large proportion of the exports 
of Argentina and Uruguay is made up of wheat, flour and 
meat products, in which the United States is self-supporting. 
This situation tends to limit the possible volume of imports 
from Argentina and Uruguay, although there is an active 
demand in the United States for the industrial raw mate- 
rials of these countries, such as flaxseed, wool and hides and 
skins. 

In Brazil the important foodstuff exported is coffee, of 
which Brazil produces three-fourths of the world’s supply. 
More than half the entire crop is sent to the United States. 
The other major food products, cacao and sugar, are im- 
ported into the United States in large quantities. Brazil’s 
principal industrial raw material, rubber, goes almost en- 
tirely to the United States. The same is true of the nitrate 
and hides of Chile, the coffee and cacao of Ecuador, Colombia 
and Venezuela, and the copper, vanadium, rubber and cotton 
ef Peru. The United States took 45 per cent of the total 
exports from these countries in 1919 and 47 per cent in 1920, 
as compared with 20 per cent from Argentina and Uruguay 
in 1919 and 19 per cent in 1920. In 1920 the United States 





took more than 85 per cent of the total exports from Colom- 
bia, most of which are products of a tropical climate. 

These countries and the United States are best prepared to 
supply each other’s requirements, and the commercial bonds 
between them should become more and more close. Normally, 
the United States imports more goods from the countries of 
South America than it sends to them. For the 5 years prior 
to the war the balance of trade in favor of South America 
averaged nearly $90,000,000 each year. The normal balance 
of trade in the future will probably be as large as or larger 
than that before the war, but the amount will be offset to a 
great extent by so-called “invisible” exports from the United 
States that have come into existence during the past few 
years. 

Two items will serve as examples. In 1913, only 4 per cent 
of the shipping clearing from ports of the United States for 
South America with cargo was of American registry. In 
1920, 52 per cent was of American registry. In the latter 
year the aggregate amount paid in freight rates to the ship- 
owners of the United States by South American consumers 
of American goods was probably about $10,000,000. A sec- 
ond factor is the large increase in South American securi- 
ties held in the United States. As is natural in a new terri- 
tory in process of development, investments of foreign funds 
in South America are large. While the major part of this 
investment is still British and European, the volume of 
American investments has been substantially increased. On 
July 1, 1922, there were outstanding more than $400,000,000 
of South American Government, State, municipal and corpo- 
rate bonds that had been issued in this country, on which 
the annual interest charge is approximately $30,000,000. Of 
these securities the larger part has been negotiated during 
the last 3% years, as is evidenced by the fact that on Jan. 
1, 1919, there were only $60,000,000 outstanding. During 
the 18 months ended June 30, 1922, there were floated in the 
New York market some $334,000,000 of South American 
securities, as against $80,000,000 of such securities in London. 

The United States is in a more favorable position to hold 
and build up a large trade with South America than before 
the war. Valuable relationships have been established, while 
the physical equipment for carrying on foreign trade, such 
as shipping facilities, has been increased and improved. It 
is not to be expected that the United States will regain the 
abnormal! proportion of the South American trade that it 
held in 1917, but it is apparent that its share will be perma- 
nently larger than before the war.—Commerce Monthly. 
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Reports of Divisions to Standards 
Committee 


HE following 16 Division reports of the automo- 
tive and parts and materials Divisions of the 


Standards Committee will be presented for ap- 
proval at the Standards Committee Meeting on Tuesday, 
Jan. 9, at 10:30 a. m. in the south convention hall on the 
fifth floor of the Engineering Societies Building. The 
reports are printed in this issue of THE JOURNAL to allow 
sufficient time for the Society members and others to 
study the reports and prepare comments and suggestions 
for consideration at the Standards Committee Meeting. 

Although only members of the Standards Committee 
may vote on the adoption of the reports at this meeting, 
discussion is invited from everyone, whether connected 
with the engineering, production or servicing branches 
of the industry, interested in the adoption in practice of 
the standards proposed. 

It should be borne in mind that the recommendations 
of the various Divisions do not necessarily apply to pres- 
ent practice, although they are based to a large extent on 
it. They are intended to be followed by the various in- 
dustries to which they are applicable when changes in 
design or production make it economically possible to do 
so. Therefore the general adoption in practice of a given 
recommendation may be a matter of months or years de- 
pending upon the conditions involved. 

A general resume of the work of the Standards Com- 
mittee during the current year is given on p. 555 of 
this issue. The detailed procedure followed by the Stand- 
ards Committee and its Divisions is outlined on p. 556 
of this issue. 


AXLE AND WHEELS DIVISION REPORT 
Dwwision Personnel 


x W. Dunhan, Chairman 


lm 
G 


Savage Arms Corporation 


C. C. Carlton, Vice-Chairman Motor Wheel Corporation 

R. S. Begg Jordan Motor Car Co. 

T. V. Buckwalter Timken Roller Bearing Co. 

A. C. Burch Courier Motors Co. 

R. J. Burrows Clark Equipment Co. 

L. W. Close Bock Bearing Co. 

J. Coapman Russell Motor Axle Co. 

C. S. Dahlquist Eaton Axle Co. 

F. S. Denneen Grant Motor Car Co. 

F. W. Gurney Gurney Ball Bearing Co. 

F. P. Hall, Jr. Salisbury Axle Co. 

G. W. Harper Columbia Axle Co. 

G. L. Lavery West Steel Casting Co. 

A. M. Laycock Sheldon Axle & Spring Co. 

H. V. Ludwick Budd Wheel Corporation 

C. T. Myers Consulting Engineer 

A. L. Putnam Detroit Pressed Steel Co. 

O. J. Rohde Wire Wheel Corporation of 
America 

H. Vanderbeek 


Formerly with Timken-Detroit 
Axle Co. 


PASSENGER-CAR FRONT-AXLE HUBS 
(Proposed S.A.E. Recommended Practice) 

The Axle and Wheels Division was appointed in 1921 
as the successor to the Axle and Wheels Subdivision of 
the 1920 Truck Division, the Subdivision being given the 
status of a separate Division due to the importance of the 
subjects coming under this classification. 


The principal work of the Subdivision since its organi- 
zation has been the continuation of the front-axle hub 
standardization program instituted by the Subdivision in 
1920. Following the adoption of the S.A.E. Recom- 
mended Practice on Motor-Truck Front-Axle Hubs, the 
Division continued its work looking toward formulating 
a standard for passenger-car front-axle hubs. 

In order that the large amount of work involved in the 
formulation of such an important standard might not fall 
entirely on a few members of the Division, a Subdivision 
and, later, two Subcommittees were appointed to deal 
with different phases of the work. The personnel of the 
Subdivision and Subcommittees that formulated the pres- 
ent recommendation and are continuing the work as to 
other necessary features is as follows: 


SUBDIVISION ON PASSENGER-CAR FRONT-AXLE HUBS 


C. T. Myers, Chairman 
T. V. Buckwalter 
Claude Greenhoe 

F. W. Gurney 

E. R. Jacobi 

A. M. Laycock 

G. L. Lavery 

A. L. Putnam 

O. J. Rohde 


Consulting engineer 
Timken Roller Bearing Co. 
Hyatt Roller Bearing Co. 
Gurney Ball Bearing Co. 
Hayes Wheel Co. 
Sheldon Axle & Spring Co. 
West Steel Castings Co. 
Detroit Pressed Steel Co. 
Wire Wheel Corporation of 
America 


A. S. VanHalteren Motor Wheel Corporation 
ROLLER BEARING SUBCOMMITTEE 

T. V. Buckwalter, Chairman Timken Roller Bearing Co. 

R. S. Begg Jordan Motor Car Co. 

L. W. Close Bock Bearing Co. 

C. S. Dahlquist Eaton Axle Co. 

A. M. Dean Rubay Co. 

G. W. Dunham Savage Arms Corporation 

Claude Greenhce 


Hyatt Roller Bearing Co. 


C. T. Hagenlocher Wright Roller Bearing Co. 

A. M. Laycock Sheldon Axle & Spring Co. 

A. L. Putnam Detroit Pressed Steel Co. 

O. J. Rohde Wire Wheel Corporation of 
America 

R. G. Schaffner Bower Roller Bearing Co. 

L. M. Stellman, H. H. Franklin Mfg. Co. 


. Vanderbeek 
. S. VanHalteren 


Detroit, Mich. 
Motor Wheel Corporation 


> 


BALL BEARING SUBCOMMITTEE 
F. W. Gurney, Chairman 
R. S. Begg 
H. E. Brunner 
E. R. Carter 
L. A. Cummings 


Gurney Ball Bearing Co. 
Jordan Motor Car Co. 

S. K. F. Industries, Inc. 
Fafnir Bearing Co. 
Standard Steel & Bearings, 


Inc. 
». S. Dahlquist Eaton Axle Co. 
. M. Dean Rubay Co. 


S. K. F. Industries, Inc. 

Sheldon Axle & Spring Co. 

Detroit Pressed Steel Co. 

Wire Wheel Corporation of 
America 

H. H. Franklin Mfg. Co. 

Detroit, Mich. 

Motor Wheel Corporation 


( 

A 

F. G. Hughes 

A. M. Laycock 

A. L. Putnam 

O. J. Rohde 

L. M. Stellman 

H. Vanderbeek 

A. S. VanHalteren 


The recommendation of the Subdivision was based 
largely on information obtained from passenger-car 


529 


i 
‘ 
| 
' 
| 
FZ 
| 
| 

















































te or rs er res ca 


aR EE CO TENE 


ee 


Vol. 





XI 


December, 1922 








530 THE JOURNAL OF THE SOCIETY OF AUTOMOTIVE ENGINEERS 


manufacturers as to their current practice and from the 
files of the committee members. The Subdivision decided 
that five sizes of hub assembly, including the Ford type, 
would be sufficient to meet the requirements of the indus- 
try, the Ford type of spindle being included as it is suit- 
able for light passenger-cars such as are being developed 
at the present time. The spindle diameters were se'ected 
from sizes most generally used and were classified accord- 
ing to tire sizes and approximate weights on the front 
axle as this method was considered the most logical. 

As the actual practice followed for spacing the inner 
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DIMENSIONS FOR INCH-SIZE TAPER-ROLLER BEARING HUBS 


Hub and 
Spindle Number |Letter|) RO Rl R2 R3 R4 


Inner edge of in- | 


ner bearing to Fn -# 0 — a vs 
center-line of 
spoke 


Inner bearing 


shouldertoouter| L | 34% | 2% 244 2 1% 

bearing shoulder | | 

Spindle diameter {1.1895 | 1.3120 | 1.3745 | 1.4995 | 1.6245 

at inner bearing | M 1.1890 1.3115 | 1.3740 | 1.4990 | 1.6240 

Spindle diameter O | sy"_16 0.9370 | 0.9370 | 0.9995 1.1870 
‘ > 110.9365 | 0.9365 | 0.9990 | 1.1865 


at outer bearing 


Hub bore for in- 


P 1(/2.7155 | 2.6135 | 2.9985 | 3.1547 2485 
ner bearing | 1}\2.7140 | 2.6120 | 2.9970 | 3.1532 2470 
Hub bore for ou- | Ww 1.9365 | 2.1235 | 2.1235 | 2.4828 | 2.8578 
ter bearing 1.9350 2.1220 2.1220 2.4813 2.8563 
Overall length of 
inner bearing S 1.0425 #4 13 1s 136 
Overall length of 
outer bearing T i tt it} 1} 1 *& 


1Minus dimensions indicate that the inner edge of the inner 
bearing is located to the right, or the side nearer the threaded 
spindle, of the center-line. 

The inner edge of the bearing surface of the spindle shall be 
\% in. inside of the inner edge of the outer bearing 


and outer bearings varied considerably, the method of 
spacing the bearings that was followed in formulating 
the present standard for Motor-Truck Front-Axle Hubs 
was used, this being to make the distance between the 
center-line of the bearings not less than 10 per cent of 
the tire outside diameter. 

Although it is the purpose of the Division to recom- 
mend hub dimensions for both taper-roller and ball bear- 
ings, it was decided at a joint meeting of the Axle and 
Wheels and the Ball and Roller Bearings Divisions on 
Oct. 4 that even though a considerable amount of work 
has been accomplished in establishing ball-bearing sizes 
for passenger-car front-axle hub applications, the work 
did not warrant submitting a recommendation at this 
time. As the work on roller-bearing applications had 
reached such a point that the boundary and spacing di- 
mensions for the bearings and the corresponding spindle 
and hub dimensions could be recommended, such action 
was approved by the Divisions in joint session and sub- 
sequently by the Axle and Wheels Division. The recom- 
mendation completes a series of 10 applications of inch- 
size taper-roller bearings for front-ax!e spindles and 
hubs ranging from light passenger-cars to heavy motor- 
trucks, the sizes specified for the lighter type of motor 
trucks being the same for the heavier type of passenger 
ears. Therefore 

The Axle and Wheels Division recommends for adop- 
tion as S.A.E. Recommended Practice the accompany- 
ing series of inch-type taper-roller bearings for pas- 
senger-car front-axle spindles and hubs. 

BALL AND ROLLER BEARINGS DIVISION REPORT 
Division Personnel 
Manly & Veal 


~ 


F. W. Gurney, Chairman 


C. M. Manly, Vice-Chairman Railway Roller Bearing Co. 
J. T. BR. Bell Norma Co. of America 
G. R. Bott S K F Industries, Inc. 


H. E. Brunner 
T. V. Buckwalter 
E. R. Carter, Jr. 
D. F. Chambers 
L. W. Close 


Timken Roller Bearing Co. 

Fafnir Bearing Co. 

Bearings Co. of America 

Bock Bearing Co. 

Standard Steel & Bearings, 
Inc. 

Savage Arms Corporation 

Long Mfg. Co. 

New Departure Mfg. Co. 

Gilliam Mfg. Co. 

White Motor Co. 

Bower Roller Bearing Co. 

Cadillac Motcr Car Co. 

W. R. Strickland Hyatt Roller Bearing Co. 

R. E. Wells Gurney Ball Bearing Co. 


BALL AND ROLLER BEARINGS DIVISION REPORT 
METRIC-TYPE THRUST BALL-BEARINGS 
(Proposed S.A.E. Standard) 


In 1918 the Ball and Roller Bearings Division recom- 
mended for adoption certain inch tolerances for metric- 
type thrust ball-bearings, favorable action being taken by 
the Society in August of that year. The recommendation 
specified only the tolerances for various ranges of the 
boundary dimensions because full infcrmation as to for- 
eign practice was not obtainable owing to the war. Early 
in 1921 information was obtained as to European practice 

D. F. Chambers, Chairman Bearings Co. of America 

Frank Beemer Nice Ball Bearing Co. 

H. E. Brunner S. K. F. Industries, Inc. 

E. R. Carter Fafnir Bearing Co. 

F. Alton Collins Auburn Ball Bearing Co. 

H. H. Edwards Bantam Ball Bearing Co. 

S. A. Strickland Imperial Bearing Co. 

H. Wickland U.S. Ball Bearing Mfg. Co. 


L. A. Cummings 
G. W. Dunham 
R. G. Hendricks 
F. G. Hughes 
G. L. Miller 

A. J. Scaife 

R. G. Schaffner 
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No. 6 
REPORTS OF DIVISIONS TO STANDARDS COMMITTEE 


and a Subdivision appointed to extend the present S.A.E. 
Standard shown on pp. C39 to C42 inclusive of the S.A.E. 
HANDBOOK, the personnel of which is given on p. 530. 
The work advanced until it was possible for a progress 
report to be submitted at the June meeting of the Stand- 
ards Committee this year. Since the June meeting it has 
been possible for the Subdivision to obtain agreement as 
to the double-direction flat-face and self-aligning types. 

In the beginning, difficulty was encountered in that 
dimensions for the thickness and the outside diameters, 
as established by the several manufacturers, were not the 
same for corresponding bore diameters. These discrep- 
ancies were reconciled, dimensions having been generally 
increased rather than decreased to meet the existing indi- 
vidual standards, thus working toward the strengthening 
of thrust-washer sections and eliminating the weaker 
parts in the several series. 

In the self-aligning series there was considerable vari- 
ation in the thickness and the radii used in determining 
the curvative of the self-aligning seat. These differences 
have been eliminated and, in addition, dimensions giving 
the location of the radii have been specified. This is im- 
portant, particularly to the users of self-aligning ball- 
bearings, as it is frequently desired to incorporate the 
self-aligning seat as an integral part of a mechanism. 

In the proposed standards the present established di- 


mensions of both foreign and American ball-bearing 
manufacturers were used as a basis for this work, but to 
obtain a consistent series of the double-direction type, it 
was found necessary to develop a new light series in both 
the plain and the self-aligning constructions. These cor- 
respond with the light series of the single-direction type. 
Therefore 
The Ball and Roller Bearings Division recommends 
that the accompanying series proposed by the Thrust 
Ball-Bearings Subdivision covering Light, Medium and 
Heavy Series for the Single-Direction Flat-Face Type, 
the Single-Direction Self-Aligning Type, the Double- 
Direction Flat-Face Type and the Double-Direction 
Self-Aligning Type of Thrust Ball-Bearings be adopted 
as an S.A.E. Standard. 


The Subdivision report as received by the Division was 
accompanied by a minority report to the effect that the 
Subdivision report does not allow a sufficient amount of 
“land” in the retainer for good engineering practice. The 
Division recommended that the minority report be ap- 
pended to the Division report in order that action would 
be taken at the Standards Committee meeting with a full 
knowledge of the questions involved. It was the consen- 
sus of opinion at the Division meeting that the dimen- 
sions finally chosen by the Subdivision allow for ample 
strength of separators or cages built in accordance with 
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SINGLE-DIRECTION, FLAT-FACE TYPE 
LIGHT SERIES, METRIC SIZES 





INSIDE DIAMETER OUTSIDE HEIGHT CHAMFER OR 
DIAMETER (B (C) DraMEeTeER (D) (H) | Raprus (r) 
Bearing aa ee a ae er ae 
Number | 
Mm.| In. |Mm)| In. |Mm| In. |Mm| In. | Mm] In. 

: 1 ees (ST! Se Sie) Ee 
TP-L-10 § 10 | 0.3937 11 | 0.4331 | 26 | 1.0236 | 12 | 0.4724] 1 0.040 
TP-L-12 12 | 0.4724 13 | 0.5118 28 | 1.1024 12 | 0.4724 1 0.040 
TP-L-15 15 | 0.5906 | 16 | 0.6299 | 31] 1.2205 12 | 0.4724] 1 0.040 
TP-L-17 17 | 0.6693 18 | 0.7087 | 35 | 1.3780 | 12 | 0.4724] 1 0.040 
TP-L-20 20 | 0.7874 | 21 | 0.8268 37 | 1.4567 | 12 | 0.4724 1 0.040 
TP-L-25 25 | 0.9843 | 26] 1.0236 | 45 | 1.7717] 14] 0.5512/ 1 0.040 
TP-L-30 30 | 1.1811 31 | 1.2205 50 | 1.9685 | 14 | 0.5512 1 0.040 
TP-L-35 | 35 | 1.3780 36 | 1.4173 55 | 2.1654 16 | 0.6299 1 0.040 
TP-L-40 | 40] 1.5748 | 41 | 1.6142 60 | 2.3622 16 | 0.6299 2 | 0.080 
TP-1-45 | 45 1.7717 46 | 1.8110 | 68 | 2.6672 16 | 0.6299 | 2 | 0.080 
TP-L-50 50 | 1.9685 | 51 | 2.0079 | 74 | 2.9134 | 18 | 0.7087 | 2 | 0.080 
TP-L-55 55 | 2.1654 | 56 | 2.2047 78 | 3.0709 18 | 0.7087 | 2 0.080 
TP-L-60 | 60 | 2.3622 61 | 2.4016 82 | 3.2284 18 | 0.7087 | 2 | 0.080 
TP-L-65 | 65 | 2.5591 | 66 | 2.5984 | 90 | 3.5433 | 20 | 0.7874] 2 | 0.080 
TP-I-70 | 70 | 2.7559 | 71 | 2.7953 | 95 | 3.7402 | 20 | 0.7874] 2 | 0.080 
TP-L-75 | 75 | 2.9528 | 76 | 2.9921 | 100 | 3.9370 | 20 | 0.7874 | 2 0.080 
TP-L-80 80 | 3.1496 | 81 | 3.1890 | 110 | 4.3307 | 22 | 0.8661 | 3 0.120 
TP-L-85 85 | 3.3465 | 86 | 3.3858 | 115 | 4.5276 | 22 | 0.8661 | 3 | 0.120 
TP-L-90 | 90] 3.5433 | 91 | 3.5827 | 120 | 4.7244 | 22] 0.8661 | 3 | 0.120 
TP-L-95 | 95 | 3.7402 | 96 | 3.7795 | 130 | 5.1181 | 25 | 0.9843 | 3 0.120 
TP-L-100 | 100 | 3.9370 | 101 | 3.9764 | 135 | 5.3150 | 25 | 0 9843 | 3 0.120 
TP-L-105 | 105 | 4.1339 | 106 | 4.1732 | 140 | 5.5118 | 25 | 0.9843 | 3 | 0.120 
TP-L-110 | 110 | 4.3307 | 111 | 4.3701 | 145 | 5.7087 | 25 | 0.9843 | 3 0.120 

| 
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SINGLE-DIRECTION, FLAT-FACE TYPE 
MEDIUM SERIES, METRIC SIZES 


















































INSIDE DIAMETER OvtsipE HEIGHT CHAMFER OR 
DiaMETER (B) | (C) Diameter (D) | (H) Raptus (r) 
Bearing } } 7 
Number | 
Mm.) In. Mm.| In. Mm.) In. Mm.) In. Mm.| In. 
| | 
| | 

TP-M-10 10 | 0.3937 11 | 0.4331 30 | 1.1811 12 | 0.4724 1 0.040 
TP-M-12 12 | 0.4724 13 | 0.5118 32 | 1.2598 12 | 0.4724 1 0.040 
TP-M-15 15 | 0.5906 16 | 0.6299 35 1.3780 14 | 0.5512 1 0.040 
TP-M-17 17 | 0.6693 18 | 0.7087 38 | 1.4961 14 | 0.5512 1 0.040 
TP-M-20 20 | 0.7874 21 | 0.8268 | 40 | 1.5748 14 | 0.5512 | 1 | 0.040 
TP-M-25 25 | 0.9843 26 | 1.0236 | 48 | 1.8898 15 | 0.5906 1 0.040 
TP-M-30 30 | 1.1811 31 | 1.2205 53 | 2.0866 15 | 0.5906 2 0.080 
TP-M-35 | 35 | 1.3780 36 | 1.4173 62 | 2.4409 18 | 0.7087 2 0.080 
TP-M-40 40 | 1.5748 41 | 1.6142 64 | 2.5197 18 | 0.7087 2 0.080 
TP-M-45 45 | 1.7717 46 | 1.8110 73 | 2.8740 22 | 0.8661 2 0.080 
TP-M-50 50 | 1.9685 51 | 2.0079 78 | 3.0709 22 | 0.8661 2 0.080 
TP-M-55 55 | 2.1654 | 56 | 2.2047 | 88 | 3.4646; 24/| 0.9449 | 2 0.080 
TP-M-60 60 | 2.3622 | 61 | 2.4016 | 90 | 3.5433 | 24 | 0.9449 | 2 | 0.080 
TP-M-65 65 | 2.5591 | 66 | 2.5984 | 100 | 3.9370 7 | 1.0630 | 3 0.120 
TP-M-70 70 | 2.7559 | 71 | 2.7953 | 103 | 4.0551 | 27 | 1.0630 3 0.120 
TP-M-75 | 75 | 2.9528 76 | 2.9921 | 110 | 4.3307 | 27 | 1.0630} 3 | 0.120 
TP-M-80 80 | 3.1496 81 | 3.1890 | 115 | 4.5276 31 | 1.2205 | 3 0.120 
TP-M-85 85 | 3.3465 | 86 | 3.3858 | 125 | 4.9213 34 | 1.3386 | 3 | 0.120 
TP-M-90 90 | 3.5433 | 91 | 3.5827 | 135 | 5.3150 36 | 1.4173 | 3 |} 0.120 
TP-M-95 95 | 3.7402 | 96 | 3.7795 | 140 | 5.5118 38 | 1.4961 3 | 0.120 
TP-M-100 | 100 | 3.9370 | 101 | 3.9764 | 150 | 5.9055 | 38 | 1.4961] 3 | 0.120 
TP-M-105 | 105 | 4.1339 | 106 | 4.1732 | 155 | 6.1024 40 | 1.5748 3 0.120 
TP-M-110 | 110 | 4.5307 | 111 | 4.3701 | 160 | 6.2992 40 | 1.5748 3 0.120 





| 


SINGLE-DIRECTION, FLAT-FACE TYPE 
HEAVY SERIES, METRIC SIZES 


INSIDE | CHAMFER OR 























DIAMETER OvTSIDE HEIGHT 
D1iaMETER (B) (C) Diameter (D) (H) Raptvus (r) 
Bearing i. a a= Ss : ta see oa 
Number | l 
|Mm.| In. Mm In. Mm. In. | Mm. In. Mm.) In. 
| | | 
TP-H-25 | 25 | 0.9843 | 26| 1.0236 | 52 | 2.0472 | 16 | 0.6209| 2 | 0.080 
TP-H-30 | 30] 1.1811 | 31 | 1.2205 | 60 | 2.3622 19 | 0.7480 | 2 0.080 
TP-H-35 35 | 1.3780 | 36 1.4173 68 | 2.6672 | 22 | 0.8661 | 2 0.080 
TP-H-40 40 | 1.5748 | 41 | 1.6142 | 76 | 2.9921 | 25 | 0.9843 2 | 0.080 
TP-H-45 45 | 1.7717 | 46 | 1.8110 | 85 | 3.3465 | 28 | 1.1024] 2 | 0.080 
TP-H-50 | 50/ 1.9685 | 51 | 2.0079 92 | 3.6221 | 31 | 1.2205 2 0.080 
TP-H-55 | 55 | 2.1654 | 56 | 2.2047 | 100 | 3.9370 | 33 | 1.2992 | 3 | 0.120 
TP-H-60 | 60 | 2.3622 | 61 | 2.4016 | 106 | 4.1732 35 | 1.3780 3 0.120 
TP-H-65 65 | 2.5591 | 66 | 2.5984 | 112 | 4.4095 36 | 1.4173 3 0.120 
TP-H-70 70 | 2.7559 | 71 | 2.7953 | 120 | 4.7244 | 38 | 1.4961 3 0.120 
TP-H-75 75 | 2.9528 | 76 | 2.9921 | 128 | 5.0394 | 41] 1.6142] 3 0.120 
TP-H-80 80 | 3.1496 81 | 3.1890 | 136 | 5.3543 | 44 | 1.7323 3 0.120 
TP-H-85 | 85 | 3.3465 | 86 | 3.3858 | 145 | 5.7087 47 | 1.8504 3 0.120 
TP-H-90 90 | 3.5433 | 91 | 3.5827 | 155 | 6.1024 | 50 | 1.9685 | 3 0.120 
TP-H-95 95 | 3.7402 | 96 | 3.7795 | 165 | 6.4961 54 | 2.1260 | 3 0.120 
TP-H-100 | 100 | 3.9370 | 101 | 3.9764 | 172 | 6.7717 57 | 2.2441 3 0.120 
TP-H-105 | 105 | 4.1339 | 106 | 4.1732 | 180 | 7.0866 | 60 | 2.3622 | 3 0.120 
TP-H-110 | 110 | 4.3307 | 111 | 4.3701 190 | 7.4803 63 | 2.4803 | 3 0.120 
| 
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DOUBLE-DIRECTION, FLAT-FACE TYPE 
MEDIUM SERIES, METRIC SIZES 


THICKNESS OF 
INSIDE DIAMETER OUTSIDE HEIGHT CENTRAL 
Bearing DIAMETER (A) (C) DIAMETER (D (H) WasuHeEr (S) 
Number 


Mm.| In. |Mm.| In. |Mm In. |Mm In. |Mm.|_ In. 





———— eee 
































SINGLE-DIRECTION, SELF-ALIGNING TYPE 
LIGHT SERIES, METRIC SIZES 











| Instpe Dra-| Diameter |Ovtsipe Dia-| DiaAMeTEeR HEIGHT Rapius 
METER (B) | (C) METER (D ) H R I G 
Bearing ee :. te 5, = 
Number } 
| Mm. | In Mm. | In Mm In Mm In Mm. | In Mm. | In Mm. | In Mm In 
TS-L-10 10 |0.3937 12 |0.4724 26 (1.0236 30 '1.1811) 13.5 |0.5315 290 |0.7874| 17.86)}0.7032! 19.36)0.7622 
TS-L-12 12 |0.4724 14 |0.5512 28 |1.1024 32 11.2598) 14.5 |0.5709 20 0.7874; 17.32,0.6819) 19.82/0.7803 
rS-L-15 15 |0.5906 17 |0.6693 31 11.2205 35 11.3780) 14.5 10.5709 25 10.9843) 22.20'0.8740) 23.70'0.9331 
TS-L-17 17 |0.6693 19 |0.7480 35 |1.3780 7 |1.4567| 14.5 |0.5709 25 |0.9843) 21.65'0.8524| 23.15/0.9114 
TS-L-20 20 |0.7874 22 |0.8661 37 |1.4567 40 |1.5748| 15.0 |0.5906 30 (1.1811) 26.53/1.0445|) 28.53)1.1232 
r'S-L-25 25 |0.9843 27 |1.0630 45 (1.7717 8 |1.8898) 17.0 |0.6693 35 11.3780) 30.31/1.1933| 32.31)1 ) 
r'S-L-30 30 |1.1811 32 |1.2598 50 11.9685 53 |2.0866! 17.0 |0.6693 40 |1.5748) 34.64/1.3638) 36.64)1.4425 
TS-L-35 5 11.3780 7 11.4567 55 |2.1654 60 '2.3622) 19.0 |0.7480 $5 1.7717) 38.98)1.5346; 40.98/1.6134 
r'S-L-40 40 |1.5748 42 (1.6535 60 |2.3622 65 |2.5591) 19.0 |0.7480 50 |1.9685) 43.30/1.7047| 45.30)1.7835 
TS-L-45 45 |1.7717 47 |1.8504 68 |2.6672 72 |2.8346) 19.0 |0.7480 55 |2.1654) 47 1.8638) 49.34/1.9425 
TS-L-50 50 |1.9685 52 |2.0472 74 |2.9134 78 \3.0709| 21.0 |0.8268 60 |2.3622| 51.37/2.0224) 53.37|2.1012 
TS-L-55 55 |2.1654 57 |2.2441 78 |3.0709 82 |3.2284) 21.5 |0.8465 65 |2.5591) 56.00/2.2047) 58.50/2.3032 
TS-L-60 60 |2.3622 62 |2.4409 82 |3.2284 86 |3.3858) 21.5 |0.8465 70 |2.7559| 60.33/2.3752| 62.82)2.4732 
TS-L-65 65 |2.5591 67 |2.6378 90 |3.5433 95 |3.7402) 24.5 |0.9646 75 |2.9528) 64.36/2.5339| 66.86/2.6323 
TS-L-70 70 |2.7559| 72 |2.8346) 95 |3.7402| 100 |3.9370| 24.5 |0.9646) 80 |3.1496) 68.69)2.7043) 71.19|2 8028 
TS-L-75 75 |2.9528 77 |3.0315| 100 |3.9370) 105 |4.1339| 25.0 |0.9843 85 |3.3465| 73.03/2.8752) 76.03)2.9933 
TS-L-80 80 (3.1496 82 |3.2284) 110 |4.3307| 115 |4.5276) 26.0 |1.0236 95 (3.7402) 82.27/3.2390) 85.27!3 .3571 
TS-L-85 85 |3.3465 87 \3.4252) 115 |4.5276| 120 |4.7244| 27.0 |1.0630) 100 (3.9370! 86.60\3.4095) 89.60|3 5276 
TS-L-90 90 |3.5433 92 |3.6221) 120 |4.7244| 125 )4.9213) 27.0 |1.0630, 105 |4.1339) 90.93/3.5799) 93.93)3 6980 
TS-L-95 95 |3.7402 97 |3.8189| 130 |5.1181) 135 |5.3150) 30.0 |1.1811) 110 |4.3307) 94.68'3.7276) 97.68)|3.8457 
TS-L-100 100 |3.9370) 102 |4.0157 135 |5.3150' 140 |5.5118) 30.0 |1.1811 115 |4.5276) 99.01)3.8980'102.01/4.0161 
TS-L-105 105 |4.1339| 107 |4.2126| 140 |5.5118| 145 |5.7087) 30.0 {1.1811} 120 |4.7244)103.34/4.0685| 106.34)4.1866 
TS-I-110 110 |4.3307| 112 |4.4095) 145 |5.7087| 150 |5.9055| 30.0 |1.1811) 125 |4.9213)107.67)4.2390)110.67)4.3571 
| } 
The same chamfers or corner radii specified for the single-dire« mn, flat-face type thrust 


ball bearings apply to this series 


DTP-L-10 10 | 0.3937 | 16 | 0.6299 | 35 | 1.3780 | 26 | 1.0236 | 7.0} 0.2756 
DTP-L-15 15 | 0.5906 21 | 0.8268 | 40 | 1.5748 26 | 1.0236 7 0| 0.2756 
DTP-L-20 20 | 0.7874 26 | 1.0236 48 | 1.8898 28 | 1.1024 7.0} 0.2756 
DT P-L-25 25 | 0.9843 31 | 1.2205 53 | 2.0866 28 | 1.1024 7.0) 0.2756 
DTP-L-30 30 | 1.1811 41 | 1.6142 64 | 2.5197 32 | 1.2598 7.5| 0.2953 
DTP-L-35 35 | 1.3780 46 | 1.8110 73 | 2.8740 36 | 1.4173 8 | 0.3150 
T 7 ” & T » 7) ‘he TDR DTP-L-40 40 | 1.5748 51 | 2.0079 78 | 3.0709 36 | 1.4173 8.0} 0.3150 
DOUBLE-DIRECTION, F LAT-I AC E TY PE DTP-L-45 45 | 1.7717 | 56 | 2.2047) 88 | 3.4646 42 | 1.6535 | 9.0] 0.3543 
LIGHT SERIES, METRIC SIZES DTP-L-50 50 | 1.9685 61 | 2.4016 90 | 3.5433 42 | 1.6535 9.0) 0.3543 
—_—_—_—_——— SS - eae DTP-L-55 55 | 2.1654 66 | 2.5984 | 100 | 3.9370 48 | 1.8898 | 11.0) 0.4331 
| DTP-L-60 60 | 2.3622 71 | 2.7953 | 103 $ 0551 48 | 1.8898 | 11.0) 0.4331 
THICKNESS OF DTP-L-65 65 | 2.5591 76 | 2.9921 | 110 | 4.3307 52 | 2.0472 | 15.0) 0.5906 
INSIDE DIAMETER OvuTSIDE HBIGHT CENTRAL DTP-L-70 70 | 2.7559 81 | 3.1890 | 115 | 4.5276 56 | 2.2047 | 15.0) 0.5906 
Bearing DIAMETER (A) (C) Diameter (D) H WasHER (5) DTP-L-75 75 | 2.9528 86 | 3.3858 | 125 | 4.9213 62 | 2.4409 | 15.0) 0.5906 
Number ‘A Eyer 4 : bee Stee : DTP-L-80 80 | 3.1496 91 | 3.5827 | 135 | 5.3150 64 | 2.5197 | 15.0] 0.5906 
} | | DTP-L-85 85 | 3.3465 96 3.7795 140 | 5.5118 68 | 2.6672 16.0) 0.6299 
| Mm.| In. Mm. In. Mm In. Mm In. Mm In. DTP-L-90 90 | 3.5433 | 101 | 3.9764 | 159 | 5.9055 68 | 2.6672 | 16.0) 0.6299 
! wi — =e, eee eres “ - 7 DT P-L-95 95 | 3.7402 | 106 | 4.1732 | 155 | 6.1024 72 | 2.8346 | 17.0] 0.6693 
4 DTP-L-100 | 100 | 3.9370 | 111 4.3701 164 6. 2992 72 | 2.8346 | 17.0) 0.6693 
DTP-L-10 | 10 | 0.3937 16 | 0.6299 | 31 | 1.2205 | 22 | 0.8861 6.0) 0.2362 DTP-L-105 | 105 | 4.1339 | 116 | 4.5669 | 165 | 6.4961 78 | 3.0709 | 18.0} 0.7087 
DTP-L-12 12 | 0.4724 18 | 0.7087 | 35 | 1.3780 22 | 0.8861 6.0) 0.2362 DTP-L-110 | 110 | 4.3307 | 126 | 4.9606 | 175 | 6.8898 82 | 3.2284 | 18.0) 0.7087 
DTP-L-15 | 15 | 0.5906 21 | 0.8268 | 37 | 1.4567 22 | 0.8861 6.0) 0.2362 
DTP-L-20 | 20 | 0.7874 26 | 1.0236 45 | 1.7717 26 | 1.0236 | 7.0) 0.2756 —— —— : = : ete 
DTP-L-25 | 25] 0.9843 | 31 | 1.2205 | 50] 1.9685 | 26 | 1.0236 | 7.0) 0.2756 The same chamfers or corner radii specified for the single- 
DTP-L-30 | 30] 1.1811 | 41 | 1.6142 | 60 | 2.362: 29 | 1.1417 | 7.5] 0.2953 direction, flat-fa type thrust ball bearings apply to this series. 
DTP-L-35 35 | 1.3780 | 46 | 1.8110 68 | 2.6672 | 29 | 1.1417 7.5) 0 2953 
YTP-L-40 40 | 1.5748 51 | 2.0079 | 74 | 2.9134 | 32 | 1.2598 8.0) 0.3150 7 1 Tt , . mm ‘DD WX . 
DTPLas | 48| 17717 | 56 | 2.2017 | 78 | 3.0709 | 32 | 1.2598 | 8.0| 0.3150 DOUBLE-DIRECTION, FLAT-FACE TYPE 
DTP-L-50 50 | 1.9685 | 61 | 2.4016 | 82 | 3.2284] 32] 1.2598 | 8.0) 0.3150 HEAVY SERIES, METRIC SIZES 
DTP-L-55 | 55 | 2.1654 | 66 | 2.5984 | 90 | 3.5433 | 36 | 1.4173 | 9.0) 0.3543 
DTP-L-60 | 60 | 2.% | 71 | 2.7953 | 95 | 3.7402 | 36] 1.4173 | 9.0) 0.3543 
DTP-L-65 65 | 2 | 76 | 2.9921 | 100 | 3.9370 | 36 | 1.4173 | 9.0) 0.3543 it ad 
DTP-L-70 70 | 2.7% 81 | 3.1890 | 110 | 4.3307 | 40 | 1.5748 | 10.5) 0.4134 INSIDE DIAMETER OUTSIDE HEIGHT CENTRAL 
DTP-L-75 | 75 | 2.952 86 | 3.3858 | 115 | 4.5276 40 | 1.5748 | 10.5) 0.4134 Bearing DIAMETER (A ( DraMETER (D H Wasuer (S) 
DTP-L-80 80 | 3.1496 | 91 | 3.5827 | 120 | 4.7244 40 | 1.5748 | 10.5) 0.4134 Number 
DTP-L-85 85 | 3.3465 96 | 3.7795 130 | 5.1181 45 1.7717 11.0) 0.4331 = 
DTP-L-90 90 | 3.5433 | 101 | 3.9764 | 135 | 5.3150 | 45 | 1.7717 | 11.0) 0.4331 M m if M m In Mm li M m In Mm In 
DTP-L-95 95 3.7402 106 4.1732 140 | 5.5118 45 1.7717 11.0, 0.4331 
DTP-L-100 | 100 | 3.9370 | 111 | 4.3701 | 145 | 5.7087 45 | 1.7717 | 11.0) 0.4331 
| DTP-H-15 15 | 0.5906 26 | 1.023¢ 52 | 2.0472 29 | 1.1417 6 | 0.2362 
eae“ ee P fp : DT P-H-20 20 | 0.7874 31 1.2205 60 2.3622 i) 1.3780 § | 0.3150 
The same chamfers or corner radii specified for the single DTP-H-25 95 | 0 9843 6 | 1417 68 | 2 6672 10 | 1.5748 > | 0 3543 
direction, flat-face type thrust ball bearings apply to this series DTP-H-30 0 | 11811 41 | 1.6142 7 2 992] 46 | 1 8110 10 | 0 3937 
DTP-H-35 35 | 1.3780 4¢ 1.8110 85 }. 3465 52 | 2.0472 12 | 0.4724 
—— —-—— DTP-H-40 40 | 1.5748 51 | 2.0079 92 3.6221 7 | 2.2441 1 0.5118 
DTP-H-45 15 1.7717 61 2.4016 106 4.1732 65 2.5591 15 0 5906 
DTP-H-50 50 | 1.9685 66 | 2.5984 | 112 | 4.4095 67 | 2.6378 16 | 0.6299 
I I DTP-H-55 55 2.1654 71 2.7953 120 4.7244 71 2 53 17 0. 669 
DT P-H-60 60 | 2.3622 76 | 2.9921 | 128 | 5.0394 76 | 2 ) 18 | 0.7087 
? DTP-H-65 65 | 2.5591 81 | 3.1890 | 136 | 5.3543 81/3 19 | 0.7480 
DTP-H-70 70 2.7559 86 3.3858 145 5 . 7087 87 3 v1) 0.7874 
L DTP-H-75 75 | 2.9528 91 }.5827 | 155 | 6.1024 92 } 21 | 0.8268 
DTP-H-80 80 >. 1496 96 | 3.7795 | 165 | 6.4961 98 | 3 22 0.8661 
G K DTP-H-85 85 | 3.3465 | 106 | 4.1732 | 180 | 7.0866 | 109 | 4 24 | 0.9449 
DTP-H-90 90 3.5433 111 4.3701 190 7.4803 115 $ 25 | 0.984 
H DT P-H-95 95 >. 7402 116 + 5669 200 7.8740 120 4 6 1.0236 
DTP-H-100 | 100 | 3.9370 | 121 | 4.7638 | 210 | 8.2677 | 125 | 4 2 1.0630 
. DTP-H-110 110 4.3307 131 9.1575 | 220 | 8.6614 131 | 5 32 1.2598 
Y ¥ 
TT? same chamfers or corne radii specified for the single 
lirection, fi fa tvpe ! st t l earings apply to this series. 
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REPORTS OF DIVISIONS TO STANDARDS COMMITTEE 


SINGLE-DIRECTION, SELF-ALIGNING TYPE 


Insipe Dia- | Diameter (( 





METER (B ( 
Bearing 
Number 
Mm. | In. | Mm In 
TS-M-10 } 10 |0.3937 12 |0.4724 
TS-M-12 12 |0.4724 14 |0.5512 
TS-M-15 15 |0.5906 17 |0.6693 
TS-M-17 17 |0.6693 19 |0.7480 
TS-M-20 20 |0.7874 22 |0.8661 
TS-M-25 25 10.9843 27 |1.0630 
TS-M-30 30 |1.1811 32 |1.2598 
TS-M-35 35 |1.3780 37 |1.4567 
TS-M-40 40 |1.5748 42 (1.6535 
TS-M-45 45 (1.7717 47 (1.8504 
TS-M-50 50 |1.9685 52 |2.0472 
TS-M-55 | 85 |2 57 |2.2441 
TS-M-60 60 62 |2.4409 
TS-M-65 65 67 |2.6378 
TS-M-70 70 72 |2.8346 
TS-M-75 75 77 |3.0315 
TS-M-80 80 (3.1496 82 (3.2284 
TS-M-85 85 (3.3465 87 |3.4252 
TS-M-90 90 |3.5433 92 |3.6221 
TS-M-95 95 |3.7402 97 |3.8189 
TS-M-100 100 |3.9370| 102 |4.0157 
TS-M-105 105 |4.1339 107 |4.2126 
TS-M-110 110 |4.3307; 112 |4.4095 


JuTSIDE Dia-- DIAMETER 


METER (D (E) 


Mm. In Mm. 


30 |1.1811 35 |1 
32 |1.2598 37 |1 
35 11.3780 40 |1 
38 |1.4961 42 |1 
40 |1.5748 45 |1 
48 1.8898 50 11 
53 |2.0866) 60 |2 
62 (2.4409 70 \2 
64 |2.5197 72 |2 
73 |2.8740 80 3 
78 |3.0709 85 \3 
88 (3.4646 95 (3 
90 |3.5433, 100 |3 
100 3.9370; 110 }4 
103 |4.0551) 115 |4 
110 |4.3307 120 |4 
115 |4.5276) 125 |4 
125 |4.9213) 135 (5 
135 (5.3150; 140 [5 
140 |5.5118 150 (5 
150 |5.9055;) 160 |6 


155 |6.1024) 165 
160 6.2992; 170 |6 





The same chamfers or corne! 
ball bearings apply to this series 


radii specified 


MEDIUM SERIES, METRIC SIZES 


HEIGHT Rapivus 
(H) (R) L G 


In. Mm In. Mm In. Mm. | In. Mm, | In. 


3780 16 |0.6299 20 |0.7874| 17.02/0.6701| 19.02|0.7488 
4567 16 |0.6299 22 |0%8661| 19.05\0.7500| 21.05/0.8287 
5748 18 |0.7087| 25 |0.9843) 21.03/0.8280) 23.93'0.9421 





6535 18 |0.7087| 27 |1.0630) 23.93)0.9421! 25.93)1.0209 
7717 18 |0.7087} 30 |1.1811) 27.04/1.0646| 29.04/1.1433 
9685 19 |0.7480} 35 |1.3780) 30.87/1.2114) 33.87/1.3335 
3622 21 |0.8268 40 |1.5748| 35.20)1.3858| 38.20)1.5039 
7559 24 \0.9449 50 |1.9685) 44.90)1.7677: 47.90)1.8858 
8346 24 (0.9449 50 |1.9685) 43.59|1.7161' 46.59/1.8343 
1496 28 {1.1024} 60 |2.3622| 53.32/2.0992: 56.32)2.2173 
-3465) 28 |1.1024) 65 |2.5591) 57.66)2.2701| 60.66)2. 3882 
7402 32 |1.2598) 70 |2.7559| 62.00/2.4339| 66.00/2.5984 
9370 32 |1.2598 75 |2.9528) 66.33)2.6114| 70.33)2.7689 
3307 36 |1.4173 80 |3.1496| 70.67|2.7823| 74.67\2.9398 
5276} 36 |1.4173) 85 |3.3465) 74.67|2.9398) 78.67|3.0972 
7244 36 |1.4173 90 |3.5433| 79.33)/3.1232| 83.33)\3.2807 
9213 39 |1.5354 95 |3.7402| 83.67\3.2941| 87.67|3.4516 
3150 42 |1.6538 105 |4.1339| 93.64/3.6866| 97.64/3.8441 
5118 43 |1.6929) 110 |4.3307| 97.20)3.8268/101.20/3 9843 
9055 45 1.7717) 115 |4.5276|101.27|3.9870/105.27/4.1445 
2992 46 |1.8110) 120 |4.7244)104.49/4.1138)108 .49\4.2713 
4961 48 |1.8898) 130 |5.1181/112.58/4.4323/117.58)4 6291 
6929 48 |1.8898) 135 |5.3150)116.91)4.6028)121.91/4.7996 


for the single-direction, flat-face type thrust 


SINGLE-DIRECTION, SELF-ALIGNING TYPE 


HEAVY SERIES, METRIC SIZES 


InsipE Dia- 
METER (B C) 
Bearing 
Number 


DiaMETER OvuTsipE Dta- 


METER (D 


Mm In Mm In Mm In. Mn 








TS-H-25 25 |0.9843 27 |1.0630 
TS-H-30 30 |1.1811 32 |1.2598 
TS-H-35 35 |1.3780 37 |1.4567 
TS-H-40 40 1.5748 42 |1.6535 
TS-H-45 $5 (1.7717 47 1.8504 
TS-H-50 50 |1.9685 §2 |2.0472 
l's-H-55 55 |2.1654 57 |2.2441 
TS-H-60 60 |2 62 \2.4409 
TS-H-65 65 \2 67 \2.6378 
T's-H-70 70 |2 72 \2.8346 
T'S-H-75 75 |2 77 (3.03815 
TS-H-80 80 |3.1496 82 |3.2284 
TS-H-85 85 (3.3465 87 |3.4252 
r'S-H-90 90 \3.5433 92 |3.6221 
TS-H-95 95 |3.7402 97 |3.8189 
P'S-H-100 100 |3.9370| 102 |4.0157 
T'S-H-105 105 |4.1339| 107 |4.2126 
TS-H-110 110 |4.3307| 112 |4.4095 


ball bearings apply to this series. 


The same chamfers or corner radii specified for the single-direction, flat-f 


52 |2.0472 55 
60 |2.3622 65 
68 |2.6672 75 
76 |2.9921 85 
85 3.3465 95 
92 |3.6221 100 
100 (3.9370 110 
106 |4.1732 115 
112 4.4095; 120 
120 4.7244) 130 
128 5.0394 140 
136 (5.3543, 145 
145 (5.7087 155 16 
155 |6.1024| 165 |6 


165 6.4961 175 |6 
172 |6.7717)| 185 |7 
180 7.0866, 195 |7 
190 |7.4803 205 |8 


DIAMETER 


E) 


5 Ot Ot Gt me em oe CO Co GO tS tO 





Height | Rapius 
(H) (R) L G 


In. Mm. In. Mm. | In. Mm In Mm. | In. 


1654 22 |0.8661 40 |1.5748) 34.64/1.3638| 37.64/1.4819 
5591 24 |\0.9449 $5 (1.7717) 38.97|1.5343) 41.97|1.6524 
9528 27 |1.0630 55 (2.1654) 47.63/1 8752) 50. 63)1.9933 
3465 30 |1.1811 60 |2.3622) 51.96/2.0457| 54.96)2.1638 
7402 33 11.2992 65 |2.5591| 56.29/2.2161| 59.29/2.3343 
9370 36 11.4173 75 |2.9528| 64.95|2.5571) 67.95/2.6752 
3307 9 |1.5354 80 |3.1496) 69.28\2.7276) 73.28)2.8850 
5276 41 |1.6142 85 (3.3465) 73.61/2.8980) 77.61/3 .0555 
7244 42 |1.6535 90 |3.5433) 77.94/3.0685) 81.94/3.2260 
1181 44 (1.7323 95 \3.7402| 82.27\3.2390) 86.27/3 .3965 
5118 47 (1.8504) 105 (4.1339) 90.93)3.5799| 94.93/3.7374 
7087 0 11.9685 110 |4.3307) 95.26)3.7504| 99.2613 .9879 
1024 54 |2.1260; 120 |4.7244/103.92)4.0913/ 108.9214. 2882 
4961 57 |2.2441) 125 |4.9213)108 .25/4.2618)113 25/4 4587 
R898 61 |2.4016) 130 |5.1181)112.68)4.4362/117.68/4.6331 
2835 64 |2.5197| 140 |5.5118)/121.24)4.7732|126.24)4.9701 
6772 67 |2.6378) 145 |5.7087|/125.57)4.9437/130.57'5 1406 
0709 70 \2.7559) 155 |6.1024/134.23/5.2847|139.2315 4815 


ace type thrust 


DOUBLE-DIRECTION, SELF-ALIGNING TYPE 


InstpE Dta- DIAMETER (OUTSIDE 
Bearing METER (A) C METER 
Number 


Mm. In. Mm. In. Mm 


DTS-L-10 10 |0.3937 17 |0.6693 





31 j1 
DTS-L-12 12 |0.4724 19 |0.7480 35 j1.; 
DTS-L-15 15 |0.5906 22 |0.8661 37 j1 
DTS-L-20 20 |0.7874 27 |1.0630 45 |1 
DTS-L-25 25 |0.9843 32 |1.2598) 50 /1 
DTS-L-30 30 |1.1811 42 |1.6535) 60 |2 
DTS-L-35 35 |1.3780 47 |1.8504 68 |2 
DTS-L-40 40 |1.5748 52 |2.0472 74 |2 
DTS-L-45 45 (1.7717 57 |2.2441) 78 |3. 
DTS-L-50 50 |1 62 |2.4409 82 13 
DTS-L-55 55 \2 67 |2.637 90 |3 
DTS-L-60 60 |2 72 |2. 95 13 
DTS-L-65 65 |2 77 |3. 100 |3 
DTS-L-70 70 |2 82 |3.: 110 |4 
DTS-L-75 75 |2 87 |3 115 |4 
DTS-L-80 80 13.1496) 92 |3 120 |4 
DTS-L-85 85 |3.3465 97 |3 130 (5 
DTS-L-90 90 |3.5433] 102 |4 135 |5 
DTS-L-95 | 95 |3.7402| 107 |4. 140 |5 
DTS-L-100 |} 100 |3.9370! 112 |4.4095) 145 [5 


Dia--) DIAMETER 
D E 


LIGHT SERIES, METRIC SIZES 





| 
| 
| 


THICKNESS OF 
HEIGHT CENTRAL Rapivs L G 
H | WasHER (5S) R 


In Mm In Mm In. Mm. | In. Mm. | In. Mm. | In. Mm. | In. 





2205 5 |1.3780 
3780 37 |1.4567 
4567 40 |1.5748 
7717| 48 |1.8898 
.9685} 53 |2 .0866 
3622 65 |2.5591 
6672 72 |2.8346 
9134} 78 |3.0709 
0709} 82 3.2284 
2284 86 |3.3858 
5433 95 |3 7402 
7402} 100 |3.9370 
9370) 105 |4.1339 
3307| 115 (4.5276 
5276) 120 |4.7244 
7244] 125 |4.9213 
1181} 135 |5.3150 
3150} 140 |5.5118 
5118} 145 |5.7087 
7087 150 |5.9055 





0630; 6.0 |0.2362 


0630) 6.0 |0.236: 
1024; 6.0 |0.: 


5 0.9843) 22.20/0.8740| 23.70/0.933 
25 |0.9843) 21.65/0.8524|) 23.15/0.9114 
1811) 26.53]1.0445 53/1.1232 





1 

32 |1.2598 0 |0.% 35 |1.3780| 30.31)1.193: 31)1.272 
32 11.2598] 7.0 |0.5 40 |1.5748] 34.64]1.3638] 36.64|1.4425 
35 11.3780) 5 |0 50 |1.9685| 43.30/1.7047| 45.30)1.7835 
35 |1.3780} 5 10.2953) 55 |2.1654) 47.34/1.8638] 49.34/1.9425 
38 3.0 |0.3150| 60 |2.3622| 51.37/2.0224) 53.37/2.1012 


5591] 56.00/2.2047| 58.50/2.3032 


39 





7 

7 

7 

7 

8 1 

8.0 |0.3150) 65 
8 

9 








Ta eee ee ee ee ee et et et et ee 
a. yore 








) 
.0 0.3150) 70 |2.7559| 60.33)2.3752| 62.82)2.4732 
45 .0 10.3543) 75 |2.9528) 64.36/2.5339) 66.86]2.6323 
45 9.0 |0.3543! 80 |3.1496| 68.69/2.7043) 71.19]2.8028 
46 9.0 |0.3543| 85 \3 3465| 73.03|2.8752| 76.03]2.9933 
50 10.5 |0.4134| 95 |3.7402| 82.27|3.2390) 85.27|3.3571 
50 |1.9685| 10.5 |0.4134) 100 |3.9370| 86.60|3.4095) 89.60|3.5276 
50 |1.9685| 10.5 |0.4134| 105 |4.1339] 90.93/3.5799] 93.93/3. 6980 
55 |2.1654) 11.0 |0.4331|} 110 |4.3307| 94.68/3.7276] 97.68]/3.8457 
55 2.1654) 11.0 /0.4331) 115 |4 | 99.01|3 8980) 102.01/4.0161 
55 (2.1654) 11.0 |0.4331] 120 |4.7244/103 34/4 .0685/106.34/4. 1866 
55 |2 sf 


1654; 11.0 |0.4331) 125 





The same chamfers or corner radii 


apply to this series. 


specified for the 


9213) 107 .67/4 2390) 110.67)4 3571 


single-direction, flat-face type thrust ball bearings 
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DOUBLE-DIRECTION, SELF-ALIGNING TYPE 
MEDIUM SERIES, METRIC SIZES 


THICKNESS OF 


























Instpe Dta- Diameter |Ovutstipe Dia-| DIAMETER HEIGHT CENTRAL Rapivus L G 
Bearing METER (A C) METER (D I H Waser (S t) 
Number 
Mm. In. Mm In. Mm. In Mm In Mm In Mm. In. Mm In. Mm. In Mm. In 

ar = coe) Soe ae ; saa a a ae 

| | 
DTS-M-10 10 |0.3937 17 |0.6693 35 |1.3780 40 |1.5748 34 |1.3386} 7.0 /0 2756} 25 |0.9843| 21.93/0.8634| 23.93)0.9421 
DTS-M-15 15 10.5906} 22 (0.8661) 40 {1.5748} 45 |1.7717) 34 |1.3386) 7.0 |0.2756) 30 |1.1811] 27.04/1.0646) 29.04/1.1433 
DTS-M-20 20 |0.7874 27 |1.0630} 48 |1.8898 50 |1.9685 1.4173) 7.0 |0.2756} 35 |1.3780) 30.87|1.2154] 33.87|1.3335 
DTS8-M-25 25 |0.9843 32 |1.2598 53 |2.0866 60 |2.3622) 1.5354) 7.0 |0.2756} 40 |1.5748) 35.20)1.3858) 38.20/1.5039 
DTS-M-30 30 |1.1811 42 |1.6535} 64 |2.5197 72 |2 8346} 11.7323] 7.5 10.2953 50 |1.9685) 43 59}1 7161} 46.59/1.8343 
DTS-M-35 35 |1.3780| 47 |1.8504 73 |2.8740| 80 |3.1496 2.0472) 8.0 |0.3150} 60 |2.3622) 53.32)2.0992) 56.32|2.2173 
DTS-M-40 40 |1.5748 52 |2.0472 78 |3.0709 85 |3.3465 12.0472! 8.0 10.3150 65 12.5591] 57.66/2.2701| 60.66/2.3882 
DTS-M-45 45 |1.7717 57 |2.2441 88 13.4646] 95 |3.7402 }2.2835| 9.0 |0.3543) 70 |2.7559| 62.00/2.4409) 66.00/2.5984 
DTS-M-50 50 |1.9685} 62 |2.4409) 90 |3.5433) 100 |3.9370) 58 |2.2835) 9.0 |0.3543] 75 |2.9528| 66.33)2.6114| 70.33)2.7689 
DTS-M-55 55 |2.1654| 67 |2.6378} 100 |3.9370| 110 |4.3307) 66 |2.5984) 11.0 |0.4331 80 |3.1496| 70.67/2.7823| 74.67/2.9398 
DTS-M-60 60 |2.3622} 72 |2.8346) 103 |4.0551| 115 |4.5276) 66 |2.5984| 11.0 |0.4331) 85 13.3465] 74.67/2.9398] 78.67|3.0972 
DTS-M-65 65 |2.5591 77 |3.0315| 110 |4.3307| 120 |4.7244 70 |2.7559| 15.0 |0.5906| 90 |3.5433] 79.3313. 1232] 83.33/3.2807 
DTS-M-70 70 |2.7559 82 13.2284] 115 |4.5276| 125 |4.9213) 72 |2.8346) 15.0 |0.5906 95 |3.7402| 83.67|/3.2941) 87.67/3.4516 
DTS-M-75 75 |2.9528 87 |3.4252] 125 |4.9213| 135 |5.3150) 78 |3.0709) 15.0 |0.5906) 105 |4.1339) 93.64/3.6866| 97.64/3.8441 
DTS-M-80 | 80 |3.1496| 92 |3.6221) 135 |5.3150) 140 |5.5118} 78 |3.0709) 15.0 |0.5906] 110 |4.3307| 97.20|3.8268/101.20)3 9843 
DTS-M-85 | 85 |3.3465) 97 |3.8189) 140 |5.5118) 150 [5.9055 82 |3.2284) 16.0 |0.6299) 115 14.5276/101 .27|3 .9870) 105 .27|4.1445 
DTS-M-90 90 |3.5433) 102 |4.0157| 150 |5.9055) 160 |6.2992 84 |3.3071| 16.0 |0.6299| 120 |4.7244/104.49/4.1138)108.49)4. 2713 
DTS-M-95 95 |3.7402| 107 |4 2126} 155 |6 1024; 165 |6 4961| 88 |3.4646| 17.0 130 '5.1181/112.58)4.4323/117.58/4 6291 
DTS-M-100| 100 |3.9370| 112 |4.4095) 160 \6.2992) 170 \6.6929 88 |3.4646) 17.0 |0.6693) 135 |5.3150)116.91)4.6028/121.91/4.7996 
DTS-M-105| 105 |4.1339| 117 |4.6063| 165 |6.4961| 175 |6.8898| 92 |3.6221) 18.0 |0.7087! 140 |5.5118)\121.65/4.7894/126.65/4.9862 
DTS-M-110 | 110 |4.3307| 122 |4.8032) 175 |6.8898) 190 |7.4803) 100 |3.9370) 18.0 |0.7087) 150 |5.9055/130.00'5.1181/)136.00 5.3543 

| 


| 








The same chamfers or corner radii specified for the single-direction, flat-face type thrust ball bea 


rings 
apply to this series 


DOUBLE-DIRECTION, SELF-ALIGNING TYPE 
HEAVY SERIES, METRIC SIZES 


THICKNESS OF 








Instpe Dia- Dumeter |Oursipe Dia-| DiAMETER HEIGHT CENTRAL Rapivus I G 
Bearing METER (A C METER (D I H WasHeEr (5 R 
Number . 
Mm In. Mm. In Mm In. Mm In Mm Ir Mm. In. Mm In Mm In Mm lr 

DTS-H-15 15 |0.5906 27 |1.0630 52 |2.0472 55 (2.1654 41 1.6142 6 |0.2362 40 |1.5748| 34.64/1.3638| 37.64)1.4819 
DTS-H-20 | 20 0.7874 32 |1.2598 60 |2.3622 65 2.5591 $5 (1.7717 8 0.3150 $5 |1.7717| 38.97/1.5343| 41.97)1.6524 
DTS-H-25 | 25 |0.9843 37 |1.4567 68 |2.6672 75 |2.9528 50 |1.9685 9 0.3543 55 |2.1654| 47.63/1.8752) 50.63/1.9933 
DTS-H-30 | 30 |1.1811 42 11.6535 76 |2.9921 85 (3.3465 56 |2.2047 10 |0.3937 60 |2.3622) 51.96'2.0457) 54.96/2.1638 
DTS-H-35 | 35 |1.3780 47 (1.8504 85 3.3465 45 3.7402 62 |2.4409 12 |0.4724 65 (2.5591) 56.29'2.2161) 59.29/2.3343 
DTS-H-40 | 40 |1.5748 52 |2.0472 92 |3.6221| 100 |3.9370 67 \2.6378 13 (0.5118 75 |2.9528] 64.95 2.5567) 67.95/2.6748 
DTS-H-45 | 45 |1.7717 62 (2.4409) 106 |4.1732| 115 (4.5276 77 |3.0315 15 |0.5906 85 (3.3465) 73.61/2.8980) 77.61/3.0551 
DTS-H-50 | 50 /1.9685} 67 |2.6378| 112 |4.4095| 120 |4.7244 79 |3.1102 16 |0.6299 90 (3.5433) 77.94/3.0685) 81.94/3.2260 
DTS-H-55 | 55 (2.1654 72 |2.8346) 120 |4.7244 130 (5.1181 83 |3.2677 17 |0.6693 95 |3.7402| 82.27/3.2390| 86.27/3.3965 
DTS-H-60 60 |2.3622 77 |3.0315| 128 |5.0394) 140 5.5118 88 3.4646 18 |0.7087| 105 |4.1339) 90.93/3.5799| 94.93/3.7374 
DTS-H-65 65 |2.5591 82 13.2281) 136 |5.3543! 145 (5.7087 93 |3.6614 19 |0.7480! 110 (4.3307) 95.26:3.7504) 99.26/3.9079 
DTS-H-70 70 |2.7559 87 |3.4252 145 5.7087 155 (6.1024 101 3.9764 20 \0.7874 120 |4.7244/103 .92)4.0913 108 .92)4.2882 
DTS-H-75 | 75 \2.9528 92 (3.6221 155 |6.1024 165 6.4961 106 |4.1732 21 (0.8268; 125 |4.9213)108.25)4.2618)113.25/4.4587 
DTS-H-80 80 |3.1496 97 |3.8189| 165 |6.4961) 175 |6.8898 112 |4.4095 22 (0.8661; 130 |5.1181/112.68)4.4362)117.68)4.6331 
DTS-H-85 85 (3.3465) 107 |4.2126) 180 |7.0866| 195 |7.6772| 123 |4.8425 24 (0.9449) 145 (5.7087)125.57/4.9437/130.57/4.1406 
DTS-H-90 90 |3.5433! 112 |4.4095| 190 |7.4803! 205 8.0709; 129 |5.0787 25 |0.9843; 155 |5.1024)134.23)/5.2847)139.23/4.4815 
DTS-H-95 95 (3.7402! 117 |4.6063| 200 |7.8740' 215 |8.4646 136 |5.3543 26 (1.0236) 160 |6.2992)138.56/5.4551/142.56|5 5732 
DTS-H-100 100 |3.9370, 122 |4.8032) 210 |8.2677, 225 |8.8583 143 |5.6299 927 '1.0630! 170 |6.6929)147.23'5.7965 153 .23/6.0327 
DTS-H-110} 110 |4.3307| 132 |5.1969) 220 |8.6614) 235 (9.2520) 148 [5.8268 32 11.2598) 175 |6.8898)151.55 5.9665) 155.55/6.1240 

The same chamfers or corner radii specified for the single-direction, flat-face type thrust ball bearings 


apply to this series 
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‘the practice of at least six domestic manufacturers using be referred back to the Ball and Roller Bearings Divi- 
this type of bearing and that it is necessary to consider sion with instructions to submit a recommendation on 
European practice as the importance of international the same general line of standardization of inch-type 
standardization cannot be overlooked. thrust-bearings, or redesign the present proposed 
metric sizes along the lines of the best engineering 
MINORITY REPORT practice including the ball diameters. 
The boundary dimensions, principally the inside and The accompanying data are submitted in support of 
outside diameters, of some of the proposed metric-type the above statements. 
thrust ball-bearings standards are such that if the (Signed) Frank Beemer 


proper ball-diameters are used, or those consistent with 
the size of the bearing, there is not a sufficient differ- 
ence between the diameter of the ball and the width of 


S. A. Strickland 
F. A. Collins, Jr. 


the face of the bearing to permit the use of a ball re- ELECTRIC VEHICLE DIVISION REPORT 
tainer of sufficient strength to give satisfactory service. Division Personnel 

It was suggested at the Subdivision meeting in New E. L. Clark, Chairman Commercial Truck Co. 
York City on Nov. 9 that smaller ball sizes might be Karl Probst, Vice-Chairman Milburn Wagon Co. 
used in certain bearing sizes to permit the use of a G. L. Bixby Detroit Electric Car Co. 
satisfactory retainer. While this is possible, the rec- J. G. Carroll Walker Vehicle Co. 
ommendations should be along the lines of good engi- H. M. Pierce Ward Motor Vehicle Co. 
neering and not recommend substitutes. F. E. Queeney Lansden Co., Inc. 

It was stated at the Subdivision meeting that the C. R. Skinner, Jr. New York Edison Co. 
present demand for metric thrust ball-bearings repre- Sees . 
sents only a very small percentage of the total demand ELECTRIC VEHICLE MOTORS 
for thrust bearings. Any action taken toward the (Proposed S.A.E. Recommended Practice) 


standardization of an unknown quantity should cer- 


' At the last meeting of the Electric Vehicle Division it 
tainly be considered in the light of past experience. 


was thought that a definite standard for the rating of 


mas also cts , at eartain f + > . se atric ° - e . 

It a also stated oe menor _ ne ee a vehicle motors would be of great advantage in compar- 
sizes nave been made wit rete rs nav yr e oY 2 ‘ ° ° 
ES DAVOS DOO TA Se Pees oe See ve ing tests of motors of various makes and the adoption of 
inside or outside section, that part extending beyond ; : . 
the ball, cut away entirely so as to keep the bearing the method of rating motors approved by the American 

ail, ( < as ( . > as lt - = re 5 . . ~ . . . . . 
within the boundary dimensions referred to. It is not Institute ol Electrical Engineers was favored, provided 
considered that this represents good ball-bearing prac- a 4-hr. time limit and a normal load were specified when 
tice. rating the motor. Therefore 


The demand for metric sizes apparently dates back 
to certain requirements during the war period that 
could not be taken care of by the importation of metric- 
type thrust ball-bearings. Keeping in mind that the 
Society of Automotive Engineers is representative of 
the American automotive industries whose output rep- 
resents about 87 per cent of the world’s production of 
automobiles, it is improbable that the demand arose in 
this Country. In view of these figures it is reasonable 
to assume that the European manufacturers would 
adopt our standards if they were properly presented. 

The adoption of the report proposed at the Subdivi- 
sion meeting held on Nov. 9 means that we are sur- 
rendering our American standard practice to that of 
European manufacturers. 


The Electric Vehicle Division recommends the adop- 
tion as §.A.E. Recommended Practice for the following 
rating for electric vehicle motors. 

The rating of electric automobile propulsion motors 
shall be based on a temperature rise not to exceed 65 
deg. cent. (149 deg. fahr.) by thermometer, or 75 deg. 
cent. (167 deg. fahr.) by resistance after 4 hr. of con- 
tinuous operation at normal rated load 

The tests shall be made on a stand with a constant 
room-temperature of 20 deg. cent. (68 deg. fahr.) and 
with the motor covers arranged as in service. 

With the exception of the time limit and rated load 
requirements, this rating conforms to Section 5205 of 
the 1921 A. I. E. E. Standardization Rules. 


























. . . . 
We, the undersigned, therefore urge that this matter ELECTRICAL EQUIPMENT DIVISION REPORT 
be given serious consideration and recommend that it Division Personnel 
—_ =e - ———$$____ F. W. Andrew, Chairman Eisemann Magneto Corpora- 
tion 
T. L. Lee, Vice-Chairman North East Electric Co. 
Azel Ames Kerite Insulated Wire & Cable 
Co. 
G. S. Cawthorne Master Trucks, Inc. 
W. A. Chryst Dayton Engineering Labora- 
tories Co. 
S. F. Evelyn Continental Motors Corpora- 
s tion 
CAGE DIMENSIONS ALLOWED BY PROPOSED S. A. E. STAND- ae eal . , . 
ARD FOR SINGLE-DIRECTION, FLAT-FACE TYPE THRUST BALL- C. F. Gilchrist Electric Auto-Lite Corpora- 
BEARINGS é tion 
— = ma W. S. Haggott Packard Electric Co. 
Rall C. H. Kindl Westinghouse Electric & Mfg. 
Inside Diameter Outside Height | Dia- | A* Co. 
D amete I lamete 1ete + . r . 
peau : pos SO: F. C. Kroeger Remy Electric Co. 
: B. M. Leece Leece-Neville Co. 
Mn In. Mm In. Mm. In. Mm. in. | Im In . ° ° 
ae : Ki bescsed! (Pnceill Diced? Dee A. D. T. Libby Splitdorf Electrical Co. 
25 0.9843) 26 |1.0236) 45 |1.7717| 14 |0.5512) gy [0.0460 Charles Marcus Bijur Motor Appliance Co. 
30 1. 31 |1.2205) 50 |1.9686] 14 |0.5512) y |0.0460 é , ; 
35 |1. 36 11.4173] 55 |2.1654| 16 |0.6299}  |0.0310 Ernest Wooler Cleveland Automobile Co. 
40 {1.5 41 /|1.6142) 60 /|2.3622) 16 0.6299) ¥ |0.0310 , ; at : 
60 |2 61 |2.4016] 82 |3.2284) 18 0.7087) 44 {0.0340 In 1920 the Electrical Equipment Division appointed a 
65 |2.5591| 66 |2.5984] 90 |3.5433| 20 0.7874] 34 {0.0480 or " 
70 |2.7550} 71 |2.7953) 95 |3.7402] 20 0.7874). 0.0480 Subdivision to review the present S.A.E. Standards for 
aa aR SEA UEP Se RS CE PR eee generator and starting-motor mountings and to bring 
*Dimension A permits a clearance of 1 mm. on the inside . * . . * 
diameter of the retainer when mounted on a shaft of diam- them into accord with the best engineering practice. A 
eter B. Dimension A does not make an allowance for the general letter was sent out to generator and starting- 
necessary clearance about the balls and a clearance between 


the outside diameters of retainer and bearing. motor users requesting suggestions as to possible re- 
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' 
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| 
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visions of the present S.A.E. Standards, the suggestions 
received being referred to the Subdivision of which T. L. 
Lee, of the North East Electric Co., was chairman, the 
other members being C. H. Kindl, of the Westinghouse 
Electric & Mfg. Co., Ernest Wooler, of the Cleveland 
Automobile Co., B. M. Leece, of the Leece-Neville Co., 
and S. F. Evelyn, of the Continental Motors Corporation. 

Several meetings of the Subdivision were held at 
which the present standards were considered and tenta- 
tive revisions drafted. A joint meeting with the Auto- 
motive Electric Association was also held at White 
Sulphur Springs in June, largely for the purpose of 
securing more effective results through closer cooper- 
ation of the Society and that organization with the 
executives of the consuming interests. 

The recommendations of the Subdivision were sub- 
mitted to generator and starting-motor manufacturers 
and users and, as they met with general approval, they 
were approved by the Electrical Equipment Division. 

It is therefore felt that the recommendations covering 
the present S.A.E. Standards will meet the objections 
which have been raised and have prevented the more ex- 
tensive use of these important standards. 


GENERATOR FLANGE MOUNTINGS 
(Preposed Revision of S.A.E. Standard) 


As considerable trouble has been experienced in using 
the present S.A.E. Standard Generator Flange Mount- 
ings, p. B17 of the S.A.E. HANDBOOK, due to the cotter- 
pin hole being located too close to the end of the shaft 
and as it is considered desirable to use S.A.E. Standard 
lock-washers and nuts for holding the gear on the shaft- 
end, revisions of dimensions L and M were proposed. 

The Subdivision has also been advised that in some 
generator installations a gasket is frequently used under 
the flange, which is not completely dimensioned in the 
present standard. The Subdivision has therefore pro- 
posed additional contour dimensions and a maximum 
flange-thickness of '% in. to complete the standard. It 
was also thought advisable by the Division that the de- 
tailed dimensions of the shaft-end.be specified. Therefore 


The Electrical Equipment Division recommends that 
the present S.A.E. Standard for Generator Flange 
Mountings, p. B17 of the S.A.E. HANDBOOK, be revised 


by 























Size | % H , J K 

No. Ai Bic DIE|FIG \Max.| I |+¢& | Max. 
ce 4 2% | 248 | 5 M4 | ws | H| 156 | 4% | ot | % 

2 | 2% 3 5% ié M4 $4 1} 78 , l l 








Increasing dimension D by 1/32 in. and dimen- 
sion E by 3/382 in. 
The addition of the %-in. and 1%-in. contour 
dimensions. 
The addition of a flange thickness of % in. 
The addition of the detailed shaft-end dimen- 
sions. 
The present S.A.E. Standard revised as proposed by 
the Electrical Equipment Division is given in the accom- 
panying tables. 





FLANGE-TYPE GENERATOR SHAFT-END DIMENSIONS 





Diameter A Woodruff Key | 
Siz ( D » } 4 
Max. Min. |Key No e° 4 
7 l 0.6250 | 0.6245 6 6 l lw | 1% lis 
2 0.7500 | 0.7495 8 i} 1% | 134 | Qa | 1% 
The pinion sh all be held on by a i X ys in S.A.E. Spe cial 


Light lock-washer and a 4 in.-20 S.A.E. Standard castellated 


STARTING-MOTOR FLANGE MOUNTINGS 
OUTBOARD TYPE 
(Proposed S.A.E. Recommended Practice) 

As the Subdivision on Generator and Starting-Motor 
Mountings considered that the present S.A.E. Standard 
for Starting-Motor Flange Mountings, p. B19 of the 
S.A.E. HANDBOOK, should be amplified’ by a type of 


Max Length o1 f Starting-Motor Housing (1) 


WSK A4— >| 
Cc 








Li~arance 


bet weer Ly Min 
Ditch Orcles /” Clearance 
) 5 "bo0 025 4- _y Fadlus 







-_ Ply wheel Rim 
ust not ‘pro _ 


beyond eich 


m7 Tooth, 8-/0 Pitch 
20 ° Pressure Angle Pinion 


OUTBOARD-TYPE STARTING-MoToR FLANGE MOUNTINGS 
In special cases where 13-tooth large-shift pinions are re- 
quired, the maximum length of the starting-motor housing 
shall be 4% instead of 47% in. and the flywheel mesh 1 in- 
stead of % in. ; 
The flange dimensions shall be the same as those specified 
for the present S.A.E, Standard for Inboard-Type Starting- 
Motor Flange Mountings, p. B19 of the S.A.E, HANDBOOK. 
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mounting for outboard installations only, a recommenda- 
tion for this type of flange mounting similar to the 
present recommended practice for starting-motor barrel 
mountings of the outboard type was submitted to and 
favorably considered by the Division. Therefore 
The Electrical Equipment Division recommends for 
adoption as S.A.E. Recommended Practice the out- 
board-type starting-motor flange dimensions given in 
the accompanying illustration [see p. 536]. 


INBOARD TYPE 
(Proposed Revision of S.A.E. Standard) 


As it is necessary in some installations to attach the 
starting motor to the flywheel housing by the use of 
studs instead of bolts because of insufficient clearance, it 
was suggested that the Electrical: Equipment Division 
should specify the thickness of the starting-motor flange 
in order that the length of the studs might be readily 
determined. This matter was favorably considered by the 
Subdivision on Generator and Starting-Motor Mountings, 
and subsequently by the Division. Therefore 


The Electrical Equipment Division recommends that 
the present S.A.E. Standard for Starting-Motor 
Flange Mountings, p. B19 of the S.A.E. HANDBOOK, 
be extended by specifying a %-in. flange thickness. 


STARTING-MoTOR PINIONS 


(Proposed Revision of S.A.E. Recommended Practice) 


As the present S.A.E. Recommended Practice for 
Starting-Motor Pinions, p. B18 of the S.A.E. HANDBOOK, 
has been misinterpreted to some extent since the last 
revision in wording was made in March, 1921, the Elec- 
trical Equipment Division has given careful consider- 
ation to rewording this recommendation. Although it is 
recognized that with the involute form of tooth the pitch- 
lines do not exist until the gears are mounted in their 
running positions, it is thought that the theoretical pitch- 
circle about which the teeth are generated may be con- 
sidered as distinct from the running pitch-circles. There- 
fore 

The Electrical Equipment Division recommends that 
the present S.A.E. Recommended Practice for Start- 
ing-Motor Pinions, p. B18 of the S.A.E. HANDBOOK 
be revised to read, “Flywheel starting-motors shall be 
equipped with an 8-10 pitch, 11-tcoth, 20-deg. pressure- 
angle pinion and be installed so that the pitch-circle 
about which the teeth of the pinion are generated will 
be separated from 0.015 to 0.025 in. from the pitch- 
circle about which the teeth on the flywheel are gen- 
erated.” 


MAGNETO MOUNTINGS 
(Proposed S.A.E. Standard) 


Subsequent to the adoption in August of the S.A.E. 
tecommended Practice for the stationary-engine base- 
type magneto mounting, the Electrical Equipment Divi- 
sion was asked to consider the standardization of a 
flange type of mounting for installation where it is im- 
possible to use the base type. 

A review of the stationary-engine magneto situation 
indicated that such a standard mounting should be pro- 
vided, and the Subdivision on magneto mountings was 
reappointed, with A. D. T. Libby, of the Splitdorf Elec- 
trical Co., chairman. At the October meeting of the 
Division Mr. Libby submitted a report covering a recom- 
mendation for this type of magneto, which is used 
primarily on one and two-cylinder stationary engines, 
the height from the base to the center-line of the shaft- 
end and the shaft-end dimensions being the same as the 
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dimensions specified in the present recommended prac- 
tice, p. B16 of the S.A.E. HANDBOOK. The recommenda- 
tion is in accord with magneto dimensions used exten- 
sively in this Country for the past 4 or 5 years. There- 
fore 
The Electrical Equipment Division recommends for 
adoption as S.A.E. Recommended Practice the flange 
type of stationary-engine magneto mounting shown in 
the accompanying illustration. 


SPARK-PLUGS 
(Proposed Revision of S.A.E. Standard) 


The present S.A.E. Standard -for Spark-Plug Shells 
specifies “% and 1%g-in. widths across flats and does not 
include the dimensions for various types of terminal. 
As it was felt that it would be possible to standardize on 
certain types of terminal and to revise the standards so 
as to eliminate all but those dimensions necessary to 
permit interchangeability, a Subdivision was appointed 
to review the spark-plug standards and to formulate a 
report to the Electrical Equipment Division. The Sub- 
division appointed was as follows: 

O. C. Rohde, Chairman 

D. L. Arnold 

B. M. deGuichard 

A. D. T. Libby 

C. S. Price 

M. J. Steele 

L. M. Woolson 


Champion Spark Plug Co. 


A. C. Spark-Plug Co. 
Splitdorf Electric Co. 
Bethlehem Spark-Plug Co. 
Packard Motor Car Co. 
Packard Motor Car Co. 


At a Subdivision meeting held in August it was stated 
that two-thirds of the spark-plugs manufactured at the 
present time have a 1-in. pipe thread, but that the gen- 
eral objection to pipe threads for spark-plugs is the diffi- 
culty of accurately maintaining the distance that the 
spark-plug screws into the cylinder; that metric spark- 
plugs are used only to a limited extent; that spark-plugs 
with %4-in. pipe threads are being gradually discon- 
tinued, as are also the 5/16 and %-in. spark-plugs with 
pipe threads; and that the majority of spark-plugs ex- 
clusive of the sizes mentioned are made with the S.A.E. 
Standard spark-plug thread of 7% in. -18. It was there- 
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fore considered advisable by the Subdivision to retain the 
present standard thread as well as all dimensions affect- 
ing that portion of the spark-plug shell below the gasket. 

In discussing the width across the flats of the hexagon or 
the “hex diameter” as it is generally called, it was brought 
out that 20 per cent of the spark-plugs with a %-in. —18 
thread have a %-in. hex diameter, 20 per cent have a 1%-in. 
hex diameter and 60 per cent have a 15/16-in. hex diameter. 
Although there are two or three large users of the %-in. hex 
spark-plugs, it was considered inadvisable to continue to 
recommend the use of this size because it does not leave suffi- 
cient wall to stand up under wrench strain, especially in two- 
piece spark-plug construction. It was recognized that it is 
possible to design two-piece spark-plugs for a %-in. hex but 
as it would necessitate special inside parts that would not 
be used on the standard one-piece spark-plug, expensive tool- 
changes would be required. It would be, however, possible 
for machinery now used in making %-in.-hex spark-plugs to 
be reset so as to make the 15/16-in.-hex without additional 
tooling expense. 

At a subsequent meeting of the Electrical Equipment 
Division the report of the Subdivision was approved after 
careful consideration of the problems involved. It was 
recognized that the proposals of the Subdivision could 
not be adopted in present practice by certain automobile 
companies, but it was felt that the revised standards 
could be adopted at some future time by such companies 
simultaneously with other changes in engine design. 
Therefore 


The Electrical Equipment Division recommends that 
the present S.A.E. Standard for Automobile Spark- 
Plug Shells, p. A10 of the S.A.E. HANDBOOK, be super- 
seded by the following proposed S.A.E. Standard for 
Inch-Type Spark-Plugs. 


INCH-TYPE SPARK-PLUGS 
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SMALL HEX. '2 ACROSS FLATS LARGE HEX. I ACROSS FLATS 

The spark-plug shell dimensions shall conform to 
those specified in the accompanying illustration for the 
15/16 and 1%-in. hexagon spark-plugs respectively. 
All dimensions below the shoulder shall be identical 
for both sizes of spark-plug. 

The outside diameter shall be 0.8750 in. and the num- 
ber of threads per inch shall be 18. The limits for the 
pitch-diameter shall be 0.8389 in. maximum and 0.8348 
in. minimum for the spark-plug threads and 0.8430 in. 
maximum and 0.8389 in. minimum for the tapped-hole 
threads. 


SPARK-PLUG TERMINALS 


Threaded Type.—The terminal thread shall be No. 8-32 
(0.164 in. diameter) S.A.E. Coarse Thread 

Ball Type.—For the ball type of spark-plug terminal 
the ball diameter shall be 13/32 in. 

Slip-Type.—For the slip type of spark-plug terminal 
the ball diameter shall be 13/32 in. and shall have 
a groove width of 0.043 in. plus 0.006 minus 0.000 
and a groove diameter of 0.203 in. plus 0.015 
minus 0.000 

Post Type.—For the post type of spark-plug terminal 


the large diameter of the taper post shall be 0.250 

in. plus 0.000 and minus 0.003 and the neck diameter 

0.220 in. plus 0.000 and minus 0.008 

ENGINE DIVISION REPORT 
Division Personnel 
J. B. Fisher, Chairman Waukesha Motor Co. 
R. J. Broege, Vice-Chairman Buda Co. 
P. J. Dasey Midwest Engine Corporation 
S. F. Evelyn Continental Motors Corpora- 
tion 

Hall-Seott Motor Co. 
Holmes Automobile Co. 
Wisconsin Motor Mfg. Co. 
Automotive Parts Co. 
Packard Motor Car Co. 


FLYWHEEL HOUSINGS 
(Proposed Revision of S.A.E. Standard) 


E. J. Hall 

H. B. Massey 
A. F. Milbrath 
Louis Schwitzer 
M. J. Steele 


Owing to the number of negative votes which were 
cast against the adoption of the Engine Division recom- 
mendation that the clearance space for crankshaft fly- 
wheel bolts should have a minimum diameter of 6% in. 
and a minimum depth of 34 in. in view of the general 
criticism that the recommendation was too limiting on 
clutch design, the Council referred the recommendation 
back to the Engine Division for joint consideration with 
the Transmission Division. The following conference 
Subdivision was therefore appointed: Messrs. Wemp and 
Copland representing the Transmission Division and 
Messrs. Evelyn and Steele the Engine Division: 

E. E. Wemp, Chairman 

A. W. Copland 

S. F. Evelyn 


Long Mfg. Co. 

Detroit Gear Machine Co. 

Continental Motors’ Cor- 
poration 

F. J. Steele Packard Motor Car Co. 

A meeting of the Subdivision was held in Detroit on 
Oct. 24 and a report adopted which was submitted at 
subsequent meetings of the Engine and Transmission 
Divisions, the recommendation meeting with favorable 
consideration. The following is extracted from the Sub- 
division report. 


An analysis of present practice indicates that the 
flywheel bolt clearance of small and medium-size en- 
gines comes well within the present standard of 6% 
in., this dimension being equaled or exceeded only on 
engines of high torque capacity. 

This condition will probably continue since it is to 
the engine builder’s advantage from a cost standpoint 
to keep the flywheel bolt-circle diameter as small as 
possible, and as long as this is done the clutch manu- 
facturer should have no difficulty in adapting his prod- 
uct to the engine. Insofar as the single-plate type of 
clutch is concerned, it is believed that the larger size 
of clutch required will provide for the necessary clear- 
ance space without difficulty. 

With regard to the multiple-disc type, the Subdivi- 
sion believes it is important to establish a maximum 
dimension from the flywheel face to the ends of the 
flywheel bolts so as to provide a clearance between the 
flywheel bolts and the driven member of the clutch. 

Since %-in. diameter crankshaft-bolts are used to 
such a large extent for this purpose, the Subdivision 
recommends a maximum dimension of 11/16 in. from 
the flywheel face to the ends of the flywheel bolts. This 
will allow the bolt to project % in. through a %%-in. 
castellated nut, or will easily take care of a %-in. plain 
nut and a heavy lock-washer. 

The Subdivision believes that until it is possible to 
standardize the actual crankshaft bolt-circle diameter 
the present clearance space of 6% in. should be elim- 
inated as being confusing and of no practical value. 
Therefore 
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REPORTS OF DIVISIONS TO STANDARDS COMMITTEE 


The Engine Division recommends that the present 
S.A.E. Standard for Flywheel Housings, p. Al of the 
S.A.E. HANDBOOK, reading, “The minimum diameter 
of the clearance space for crankshaft flywheel bolt- 
nuts shall be 6% in. and the minimum depth % in.,” 
should be omitted and the following substituted, “The 
maximum dimension from the flywheel face to the ends 
of the crankshaft flywheel bolts shall be 11/16 in.” 


FRAMES DIVISION REPORT 


Division Personnel 


E. V. Rippingille, Chairman Watson Stabilator Co. 

L. J. Fralick, Vice-Chairman Hydraulic Steel Co. 

C. C. Bowman Standard Motor Truck Co. 
E. A. DeWaters Buick Motor Co. 

O. B. Harmon Parish & Bingham Co. 

W. A. McKinley Detroit Pressed Steel Co. 


). G. Roos Locomobile Co. 
. W. Wright A. O. Smith Corporation 
RUNNING-BOARD BRACKETS 

(Proposed Extension of S.A.E. Recommended Practice) 
The present S.A.E. Recommended Practice for Run- 
ning-Board Brackets, p. H23 of the S.A.E. HANDBOOK, 
was approved by the Society in March, 1922. Several 
negative votes were cast, however, because the gage of 
the stock was not specified, another variable thus being 
introduced in the recommended practice. 

The Frames Division at a meeting in September re- 
viewed this subject and felt that a definite gage-thick- 
ness would make the recommended practice more com- 
plete. Therefore 


~— 


The Frames Division recommends that the present 
S.A.E. Recommended Practice for Running-Board 
3rackets, p. H23 of the S.A.E. HANDBOOK, be extended 
by the addition of a note reading, “The thickness of 
stock shall be 5/32 in. (0.156 in. or No. 9 U.S. gage). 

IRON AND STEEL DIVISION REPORT 
Division Personnel 
. P. Gilligan, Chairman 


Le | 
4 


Henry Souther Engineering 
Corporation 

.C. Peterson, Vice-Chairman Atlas Steel Corporation 

. M. Bird Bethlehem Steel Co. 


ns 


539 


the last meeting of the Iron and Steel Division adopting 
a policy of not including a new composition in the S.A.E. 
Standard for Iron and Steel Specifications unless it is 
shown that there is a sufficient tonnage of the steel used 
to warrant such action. Therefore, the Division felt that 
a statement should be included in the published report of 
the Iron and Steel Division to the effect that steels hav- 
ing different ranges of carbon than those specified in the 
present §.A.E. Standard are obtainable from the mills. 
The Iron and Steel Division recommends that the 
present S.A.E. Standard for Iron and Steel Specifica- 
tions be amplified by the inclusion of the following 
sentence in the first paragraph of Part I, p. D1 of 
the S.A.E. HANDBOOK, “The standard chemical composi- 
tions are for steels used by the automotive industry in 
large quantities, but other compositions having dif- 
ferent ranges of carbon are obtainable from the mills.” 
In March 1922 the Society adopted the revised and ex- 
tended report of the Iron and Steel Division covering the 
chemical compositions of the various iron and steel speci- 
fications. At that time the maximum sulphur-content 
recommended for S.A.E. Steel 3115 was 0.040 per cent, 
the maximum sulphur-content for the other steels of the 
3100 series being 0.045 per cent. At the October meet- 
ing of the Division it was pointed out that there is no 
particular reason for not having the maximum sulphur- 
content the same for all the steels of the 3100 series. 
Therefore 
The Iron and Steel Division recommends that the 
present S.A.E. Standard for Iron and Steel Specifica- 
tions, Part I1I—Chemical Compositions, p. D4 of the 
S.A.E. HANDBOOK, be revised so as to specify a maxi- 
mum sulphur-content of 0.045 instead of 0.040 per 
cent for S.A.E. Steel 3115. 


LIGHTING DIVISION REPORT 


Division Personnel 





W. A. McKay, Chairman Westinghouse Lamp Co. 

C. A. Michel, Vice-Chairman Guide Motor Lamp Mfg. Co. 
J. T. Caldwell National Lamp Works 

C. E. Godley Edmunds & Jones Corporation 
C. A. B. Halvorson, Jr. General Electric Co. 

L. C. Porter Edison Lamp Works 

E. S. Preston Chicago Electric Mfg. Co. 
C. D. Ryder Corecoran-Victor Co. 

J. C. Stearns Culver-Stearns Mfg. Co. 

T. I. Walker Providence Base Works 

E. E. Wood 


Miniature Incandescent Lamp 


Ernest Wooler 


Corporation 





H. T. Chandler C. H. Wills & Co. 

A. L. Colby Consulting Metallurgist 

L. A. Danse Cadillac Motor Car Co. 

C. N. Dawe Studebaker Corporation of 
America 

B. H. DeLong Carpenter Steel Co. 

A. P. Eves International Harvester Co. 

H. L. Greene Willys-Overland Co. 

C. G. Heilman General Motors Corporation 

E. J. Janitzky Illinois Steel Co. 

J. B. Johnson Air Service 

F. C. Langenberg Watertown Arsenal 

A. H. Miller Midvale Steel & Ordnance Co. 

C. S. Moody Minneapolis Steel & Machinery 


J. H. Nelson 
G. L. Norris 


W. H. Phillips 

S. P. Rockwell 

M. P. Rumney 

C. F. W. Rys 

R. B. Schenck 

M. H. Schmid 

H. J. Stagg 

J. M. Watson 

J. H. G. Williams 


Co. 
Wyman-Gordon Co. 
Vanadium Corporation of 
America 
R. D. Nuttall Co. 
Consulting Metallurgist 
Detroit Steel Products Co. 
Carnegie Steel Co. 
Buick Motor Co. 
United Alloy Steel Corporation 
Halecomb Steel Co. 
Hupp Motor Car Corporation 
Billings & Spencer 


IRON AND STEEL SPECIFICATIONS 
(Proposed Revision of S.A.E. Standard) 


As a result of several proposals for the standardiza- 
tion of additional steel compositions, action was taken at 


Cleveland Automobile Co. 
ELECTRIC INCANDESCENT LAMPS 
(Proposed Revision of S.A.E. Standard) 

The Society has adopted head-lamp illumination speci- 
fications requiring the use of 21-cp. electric incandescent 
lamps and, as this candlepower is required by law in 
many of the States having head-lamp regulations, it was 
felt at the last meeting of the Lighting Division that the 
present 8.A.E. Standard for Electric Incandescent Lamps 
should be extended to specify this candlepower. There- 
fore 

The Lighting Division recommends that the present 

S.A.E. Standard for Electric Incandescent Lamps, p. 

B3 of the S.A.E. HANDBOOK, should be amplified by 

the addition of a footnote reading, “Incandescent lamps 


for automobile head-lamps shall be of the gas-filled 
type and of 21 cp.” 


LUBRICANTS DIVISION 
Division Personnel 
H. C. Mougey, Chairman General Motors Research 
Corporation 
W. E. Jominy, Vice-Chairman Studebaker Corporation of 
America 


+, 








Vol. XI 


December, 1922 





No. 6 





540 


THE JOURNAL OF THE SOCIETY OF AUTOMOTIVE ENGINEERS 


CRANKCASE LUBRICATING OILS 
General.—These specifications cover grades of petroleum oil for the lubrication of internal-combustion en- 
gines, except aircraft, and are not recommended for the lubrication of turbines. 
Compounded lubricating oils containing products other than those derived from petroleum are not dealt 


with in these specifications. 














| | | 


Viscosity, Saybolt Sec. 











Dilution with 
Water-White 


Flash- Fire- Kerosene for No. Pour | Conrad- 
Speci- Explana- Point, Point, 5 N.P.A. Color Test, |son Car-| Corro- 
fication tory Deg. Deg. Deg. bon sion 
No.2 Grade Fabr., Fahr., | 100 Deg. Fahr. | 210 Deg. Fahr. Fahr., |Residue,| Test 
Names Min. Min. Parts, Max. |Per Cent, 
Kero- Parts, Max 
Min. Max. Min. Max. sene Oil 
20 | Light 325 365 180 220 12 50 50 35 0.20 
020 | Light 325 365 180 220 | 42 50 50 10 0.20 
30 | Medium 335 380 270 330 | 44 50 50 10 0.30 Re- 
030 | Medium 335 380 270 330 14 50 50 10 0.30 quired 
40 Medium 345 390 360 440 16 60 tO 15 0.40 for all 
50 | Heavy 355 400 450 575 50 70 30 50 0.60 grades 
60 Heavy 360 55 65 80 20 55 0.80 
SO Extra Heavy 380 75 S85 S5 Ld 55 1.50 
95 Extra Heavy 390 90 100 90 10 55 1.75 
115 Extra Heavy 400 110 120 95 5 60 2.00 
*For Specifications Nos. 20 to 50, inclusive, the numbers indicate the first two figures of the average Saybolt 
in seconds at 100 dee. fahr. for the grades indicated. The first cipher in Specifications Nos. 020 and 0630 indicates that the 
pour-test value of these two grades is 10 deg. fahr. The numbers for Specifications No 60 to 115, inclusive, indicate the 


average Saybolt viscosity in seconds at 210 deg. fahr 


Corrosion Test.—The following corrosion test shall not cause discoloration of copper strip. 
piece of mechanically polished pure strip-copper about 1 


tested, in a clean test-tube. 


6 in. 
Close the tube with a vented stopper and hold for 3 hr. at 212 deg. fahr. 


Place a clean 
in. long, and 10 ce. of the oil to be 
Rinse 


wide and 3 


the copper strip with sulphur-free acetone and compare it with a similar strip of freshly polished copper. 





Tide Water Oil Co. 

Midwest Engine Corporation 

International Harvester Co. 

Bureau of Standards 

Texas Co. 

Union Petroleum Co. 

Fifth Ave. Coach Co. 

Formerly with Atlantic Refin- 
ing Co. 

Standard Oil Co. 


Sydney Bevin 

P. J. Dasey 

A. P. Eves 

7, H. Herschel 
K. G. Mackenzie 
W. E. Perdew 
W. D. Reese, Jr. 
H. G. Smith 


= 


J. W. Stack 


CRANKCASE LUBRICATING OILS 
(Proposed S.A.E. Standard) 


In 1912 the Society adopted a specification known as 
No. 26 for pure mineral automobile engine light lubri- 
eating oil. This specification proved satisfactory for a 
number of years as applying to paraffin-base oils. In 
April, 1920, at the request of the Tractor Division, the 
Lubricants Division prepared to make a careful study 
of the requirements for more extensive standard lubri- 
cating oil specifications. The basis for this work was 
Bulletin No. 4, dated April, 1920, issued by the Bureau 
of Mines. The Lubricants Division attended several 
meetings of the Government petroleum fuel committees 
and in November 1921 submitted a tentative specification 
based partly on the work of the Government and partly 
on information obtained through a questionnaire sent 
out by the Division. The comments on the tentative 
specification were considered and a revised proposal pub- 
lished in the June 1922 issue of THE JOURNAL for discus- 
sion at the Standards Committee meeting at White Sul- 
phur Springs. Subsequent to this consideration of the 
report, a number of tests of five unknown kinds of oil 
were made by members of the Division, the samples being 
identified only by numbers. The results of these tests 
indicated the necessity for recognizing the difficulties 
in securing uniform results throughout the industry in 
checking oils to the proposed specifications. The limit- 


ing values in the specification were readjusted accord- 
ingly and the revised report published in the November 
1922 issue of THE JOURNAL, one of the important points 
in the report being the classification of the grades of oils 
by numbers indicating the viscosity characteristics of 
the respective grades. 


There were a number of differences between the pro- 
posed specification and those issued by the Interdepart- 
mental Committee of the Government on Petroleum 
Specifications and arrangements were accordingly made 
for a joint conference of the Society’s Lubricants Divi- 
sion, the Advisory Committee on Petroleum Specifications 
of the American Petroleum Institute and the Interde- 
partmental Committee in Washington on Nov. 13 to se- 
cure uniformity in the specifications. The various points 
were thoroughly discussed and informally acted upon, 
following which the members of the Division voted to 
submit the following specifications for adoption as 8.A.E. 
Standard for internal-combustion engine lubricating oils 
as it was felt that the Society should adopt such specifi- 
cations as soon as possible. The chairman of the Inter- 
departmental Committee stated at the conference that his 
committee could not take formal action at that time, but 
would probably meet early in February to consider the 
points under discussion in connection with the revised 
specification of the Society and the Governmental speci- 
fications. Therefore 


The Lubricants Division recommends the adoption of 
the accompanying specification as S.A.E. Standard. 


NOMENCLATURE DIVISION REPORT 
Division Personnel 
Wright Aeronautical Corpora- 
tion 
W.P. Kennedy, Vice-Chairman Kennedy Engineering Corpora- 
tion 


H. L. Pope, Chairman 
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J. B. Bartholomew 
W. F. Borgerd 

W. S. Bouton 

W. J. Brandon 

H. R. Cobleigh 


Avery Co. 

International Harvester Co. 

Hendee Mfg. Co. 

Avery Co. 

National Automobile Chamber 
of Commerce 

American Auto Parts Co. 

Autocar Co. 

Deleo-Light Co. 

Hercules Gas Engine Co. 

Joseph Van Blerck, Inc. 

Thomas-Morse Aircraft Cor- 
poration 

Packard Motor Car Co. 

Nordyke & Marryon Co. 


W. P. Culver 

A. B. Cumner 

L. S. Keilholtz 

V. E. McMullen 
Leonard Ochtman, Jr. 
W. T. Thomas 


J. G. Vincent 
L. C. Voyles 


AUTOMOBILE NOMENCLATURE 
(Proposed Revision of S.A.E. Standard) 

The function of the Nomenclature Division in the 
standardization of automotive nomenclature is primarily 
to unify and correlate nomenclatures worked out by other 
Divisions of the Standards Committee, and to arrange 
them properly in the present S.A.E. Standard for Auto- 
mobile Nomenclature, p. K1 of the S.A.E. HANDBOOK. 

The present nomenclature of differential gears in Divi- 
sion XII, Group 4, on p. K15 of the S.A.E. HANDBOOK, 
is considered obsolete because of the developments in dif- 
ferentia! design. The Axle and Wheels Division there- 
fore appointed the following Subdivision on Differentials 
to revise this part of the present standard. 

S. O. White, Chairman 
F. E. McMullen 
D. D. Ormsby 


Warner Gear Co. 
Gleason Works 
Brown-Lipe-Chapin Co. 

Mr. White was also a member of a similar committee 
appointed by the American Gear Manufacturers Asso- 
ciation, that considered and approved the report of the 
Subdivision prior to its final consideration by the Axle 
and Wheels Division. Therefore 


The Nomenclature Division recommends that the fol- 
lowing nomenclature be adopted as a revision of the 
present differential nomenclature, Division XII, Group 
4 of the present S.A.E. Standard for automobile 
nomenclature. 


DIFFERENTIAL NOMENCLATURE 
FOUR-PINION TWO-PIECE CASE BEVEL DRIVE 
Differential’ 
3evel-Drive Pinion‘ 
Bevel-Drive Gear 
Differential Case Flange Half 
Differential Case Plain Half 
Differential Bearing Sleeve 
Differential Case Bolt 
Bevel-Drive Gear Rivet or Screw 
Differential Side Gear 
Differential Spider Pinion 
Differential Spider 


TWO-PINION ONE-PIECE CASE BEVEL DRIVE 
Differential’ 
Bevel-Drive Pinion‘ 
Bevel-Drive Gear 
Differential Case 
Differential Bearing Sleeve 
Bevel-Drive Gear Rivet or Screw 
Differential Side Gear 
Differential Cross-Pin Pinion 
Differential Cross Pin 
Differential Cross-Pin Lock 
Differential Side Gear Spacer 


> Differential.—A 
nal parts only. 

* Bevel-Drive Pinion or Worm.—A bevel-drive pinion or 
worm may be of either the “bored” or the “shaft” type. 


differential comprises a case and inter- 
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WORM-GEAR DRIVE 
Differential’ 
Worm 


Worm Gear 

Differential Case, right hand 
Differential Case, left hand 
Differential Bearing Sleeve 
Differential Case Bolt 
Worm-Gear Rivet or Screw 
Differential Side Gear 
Differential Pinion 
Differential Spider or Cross Pin 
Differential Cross-Pin Lock 
Differential Side Gear Spacer 


PARTS AND FITTINGS DIVISION REPORT 
Division Personnel 
F. G. Whittington, Chairman Stewart-Warner Speedometer 
Corporation 
W. C. Keys, Vice-Chairman Gabriel Mfg. Co. 


Clarence Carson Dodge Bros. 
E. R. Douglas Formerly with Cincinnati Ball 
Crank Co. 


H. B. Garman 
H. S. Jandus 
F. W. Slack 
C. W. Spicer 
Alex Taub 

E. W. Weaver 


Garman Mfg. Co. 
C. G. Spring Co. 
Peerless Motor Car Co. 
Spicer Mfg. Corporation 
General Motors Corporation 
Weaver & Kemble Co. 
PLAIN WASHERS 
(Proposed S. A. E. Standard) 


In August, 1922, the Society adopted the report of the 
Parts and Fittings Division covering Plain Washers for 
S.A.E. Standard bolts. The Division has continued this 
standardization to include plain washers for machine 
screws in order that the standards for screws, bolts and 
nuts, lock-washers and plain washers may be complete. 
Therefore 

The Parts and Fittings Division recommends that 

the present S.A.E. Standard for Plain Washers, p. 
C5c of the S.A.E. HANDBOOK, be extended to include the 
dimensions for washers used with screws below %4 in. 
diameter as given in the accompanying table. As the 
material used for the proposed washers may be other 
than steel, it is also recommended that the title of the 
present standard be changed to “Plain Washers.” 

The present S.A.E. Standard for Plain Washers is 
given also in the accompanying table. 





PROPOSED 8. A. E. STANDARD DIMENSIONS FOR PLAIN WASHERS 











Screw and | Inside Outside Thickness 
Bolt Sizes | Diameter Diameter +(0.010 

- z : ‘ 
& 32 | YA 32 
4 A 16 ts 
: 37 3 
6 | Ly | As 64 
8 16 | 16 64 
10 3% Vy 16 
é : 
12 V4 i6 ié 
ly 9 5 1 
74 52 a ié 
5 11 i 11 1 
zo 32 iS is 
78 +3 16 ié 
1 15 15 Wi 
16 +s as _ 
4 32 15 32 
‘9 19 1.3 4 
16 32 i6 32 
VY 4 135 ts 

ll 23 / 
16 $3 | 13 8 e 
y t j is 1} 2 Vg 
v8 +3 ] 34 | 1 8 
1 ; | 1+ 2 ly 
3 4 4 
1 ; g | 1 16 21% 1 4 
4 5 
1 $y. j ] 16 ! 2! 2 32 
q | 5 
1% I 16 | 2 4 | 32 
1% ly: 3 _: 


All dimensions in inches. Washers shall be flat and 
from burrs. 
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Ropb-ENDs 
(Proposed Revision of S.A.E. Standard) 


The present S.A.E. Standard for Rod-Ends, p. C8 of 
the S.A.E. HANDBOOK, specified a 3/16-in.-32 thread 
for the smallest size of the light series rod-end, whereas 
the §8.A.E. Standard for Ball-and-Socket Joints, p. C52, 
specified a No. 10-32 thread for the corresponding size. 
As generally accepted standards for screws, bolts, nuts 
and similar threaded parts are made in numbered or 
decimal sizes below 4 in., instead of in fractional sizes, 
and as it should be possible to use the same thread at 
both ends of a rod when used with a ball-and-socket joint 
at one end and an adjustable rod-end at the other, 


The Parts and Fittings Division recommends that 
the present S.A.E. Standard for Rod-ends, p. C8 of the 
S.A.E. HANDBOOK, be revised to specify a No. 10-32 
in place of the 3/16-in.-32 thread for the smallest size of 
the light-rod-end series. 


PASSENGER-CAR BODY DIVISION REPORT 


Division Personnel 


G. E. Goddard, Chairman Dodge Bros. 
A. J. Neerken, Vice-Chairman Hupp Motor Car Corporation 


S. J. Baum 3rewster & Co. 

*. G. Budd Edward G. Budd Mfg. Co. 

J. S. Burdick Buffalo Body Corporation 

O. H. Clark Zeder-Skelton-Breer Engineer- 


ing Co. 
Studebaker Corporation of 
America 
Maxwell Motor Corporation 
Rolls-Royce of America, Inc. 
Consulting Engineer 
Mullins Body Corporation 


A. E. Garrels 


E. W. Goodwin 
G. W. Kerr 

x. J. Mercer 
H. C. Nelson 


Door LocKS AND HANDLES 
(Proposed S.A.E. Recommended Practice) 


In March, 1922 the Passenger-Car Body Division re- 
port on door-handle squares was approved by the Society. 
Further discussion of this recommendation at recent 
meetings of the Division indicated the desirability of 
specifying the size of the broached hole in the door- 
handle cam. Data obtained from manufacturers formed 
the basis for the following recommendation. 

The Division has also considered the standardization 
of door-handle escutcheon plates. The Subdivision that 
investigated this subject recommended that the center- 
to-center distance of the two holes and the size of screws 
should be standardized in accordance with the prevailing 
practice as given below. 

The Division has felt that in many instances door- 
handle bars are too short and that a sufficient clearance 
between the handle and the face of the door panel is not 
allowed. Although this is not considered very important 
as a standard, it is thought that a recommendation 
indicating desirable practice would lead to improvements 
in many designs. 

The Division has also considered the various bevels 
used for door-lock face-plates and believes that a stand- 
ard will be of value, especially to door-lock manufac- 
turers. An analysis of current production has shown 
that a large number of angles are used. This subject 
has been considered also by the Automobile Body 
Builders’ Association, which suggested adopting angles 
of 6 and 9 deg., that is, included angles of 96 and 99 deg. 
It was felt, however, that one angle is sufficient for doors 
for all types of body. Therefore 
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The Passenger-Car Body Division recommends that 
the present S.A.E. Recommended Practice for Door- 
Handles, p. K45 of the S.A.E. HANDBOOK, be extended 
by the addition of the following recommendations: 

(1) No. 10 wood screws 1 in. long shall be used 
for door-handle escutcheon plates which shall 
have countersunk holes spaced 1% in. from 
center-to-center 

(2) The broached hole in door-handle cams on 
the inside handle shall be 5/16 in. with 
tolerances of plus or minus 0.001 in. 

(3) The included angle of the two sides of door- 
lock face-plates shall be 96 deg. for doors for 
all types of body and shall be inspected to 
gage 

(4) Bar-type door-handles shall have a bar at 
least 3% in. long and the clearance from the 
inside of the bar to the face of the door 
panel shall be not less than 1% in. 


Woop SCREWS 
(Proposed S.A.E. Recommended Practice) 


One of the important problems in passenger-car body 
building is the drilling of holes for wood screws so that 
the maximum holding power of the screw may be ob- 
tained. The specifications formulated by the Federal 
Specifications Board for wood screws were reviewed by 
the Passenger-Car Body Division at the October meet- 
ing, but it was felt that further simplification than that 
proposed could be accomplished by limiting the recom- 
mendation to the even numbered sizes beginning with the 
No. 4 size, except the No. 5 size which is used to a large 
extent. It was considered that the use of wood screws 
having cut threads should be recommended, as their hold- 
ing power is greater than that of screws made with rolled 
threads. Therefore 

The Passenger-Car Body Division proposes the fol- 
lowing for adoption as S.A.E. Recommended Practice: 
(1) Only even number sizes of wood screws com- 
mencing with the No. 4 size, with the excep- 
tion of the No. 5 size, shall be used in auto- 
mobile body construction. The heads may be 
either upset or turned, but the siots in the 

heads shall be milled and the threads cut 
(2) The diameter of the drill used shall be the 
same as the maximum wood-screw diameter 
at the root of the full thread. All counter- 
sunk holes for wood screws shall have an in- 

cluded angle of 82 deg. 


PLATE GLASS 
(Proposed S.A.E. Recommended Practice) 


One of the most important materials entering into 
body construction is the glass used in windshields and 
windows, and the need for dimensional specifications 
thereof was recognized by the Division. A. J. Neerken, 
who was appointed a Subdivision of one to prepare a 
tentative recommendation, obtained information from 
body builders as to the dimensions and grades of glass 
used and a recommendation was based on this informa- 
tion and specifications were drawn up by the glass manu- 
facturers and users in cooperation with the Bureau of 
Standards. It is felt that one of the most valuable re- 
sults of this standardization will be to make possible a 
clear and undistorted view. The recommendations pro- 
posed will be of value to glass users a!so in drawing up 
purchasing specifications and lead to the elimination of 
many odd-size sheets. Therefore the Passenger-Car 
Body Division recommends that the following proposal 
be adopted as S.A.E. Recommended Practice. 
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Glass sizes for windshields and doors shall be se- 
lected in increments of even 2 in. The glass producer 
should be furnished with a templet of the finished glass. 

Only polished plate glass shall be used in windshields 
and front-quarter door windows. 

Polished plate glass for windshields and passenger- 
car windows shall be of two grades: “Selected Giazing”’ 
and “Glazing.” 

“Selected glazing” plate glass shall contain prac- 
tically no visible imperfections under specified condi- 
tions of inspection. Very fine scattered 
permissible. 

“Glazing” plate glass shall contain no other visible 
imperfections than a few scattered seeds and occasional 
faint strings or faint short finish-marks. 

The thickness of plate glass shall be 3/16 in. with 
a tolerance of plus or minus 1/382 in. with variations in 
individual plates of not more than 1/64 in. 

The following definitions of the terms used in the above speci- 


fications are taken from the report of the committee on standards 
of plate glass organized by the Bureau gf Standards: 


seeds are 


Seeds.—Minute bubbles smaller than 0.015 in. diameter. 
These are visible only on close inspection, usually appearing 
as small specks, and are an inherent defect in the best quality 
of plate glass 

Strings.—Light, wavy, transparent lines on the surface, 
appearing as though a thread of glass had been partially 


incorporated into the sheet 

Short Finish.—Poor polish is lack of smoothness, an im- 
properly finished surface which has the appearance of being 
Slightly pitted and wavy when the surface is viewed by 
reflected light. These indentations which are slight have a 
polished surface rather than a ground surface, but the gen- 
eral effect is a slight dulling of the surface. Poor polish is 


usually caused by improper grinding. Spots on the surface 
where the fine grinding has not proceeded far enough to 
produce a smooth surface before polishing will not polish 


smooth 


SCREW-THREADS DIVISION 
Division Personnel 
E. H. Ehrman, Chairman 
O. B. Zimmerman, 
Vice-Chairman 
Earle Buckingham 
E. Burdsall 


REPORT 


Chicago Screw Co. 
International Harvester Co. 


Pratt & Whitney Co. 
Russell, Burdsall & Ward Bolt 
and Nut Co. 


Luther Burlingame Brown & Sharpe Co. 


G. S. Case Lamson & Sessions Co. 
W. R. Mitchell National Acme Mfg. Co. 
Alex Taub 


General Motors Corporation 
GAGES AND GAGING 
(Proposed General Information) 


The Screw-Threads Division has undertaken to pre- 
pare a series of articles covering various phases of screw- 
thread practice and matters germane thereto for publica- 
tion as general information in THE JOURNAL and subse- 
quently in the S.A.E. HANDBOOK. The Division sub- 
mitted an article to the Standards Committee in June on 
the fundamentals of gages and gaging for screw-thread 
products, but this report was referred back for amplifica- 
tion with regard to the importance of gaging for lead 
error. The second and third paragraphs of Section 4 


dealing with this phase of the subject have been added. 
Therefore 


The Screw-Threads Division recommends that the 
following article be approved by the Standards Com- 
mittee for publication as general information only. 


GAGES AND GAGING FOR SCREW-THREADS 
I. INTRODUCTORY 


The art of measuring screw-threads has developed very 
rapidly during the past few years. This development still 
continues, so that it would be extremely inadvisable to at- 
tempt to specify any one definite method as standard for 
this purpose. The object of this report is to establish so 
far as possible the fundamentals of this subject, and to point 
out various practices now successfully used. 
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II. FUNDAMENTALS 


Object of Gaging.—The final result sought by gaging is 
interchangeable manufacture in some degree. This means 
that the mating parts can be assembled without fitting one 
part to another and, when assembled, the mechanism will 
function properly. Gaging should be employed more to pre- 
vent unsatisfactory parts from being produced than to sort 
out the correct parts from the incorrect ones. 

Direction of Tolerances on Gages.—The extreme sizes for 
all limit-gages shall never exceed the extreme limits of the 
part being produced. All variations in the gages, whatever 
their cause or purpose, shall bring these gages within these 
extreme limits. Thus a gage that represents a minimum 
limit may be larger, but never smaller, than the minimum 
size specified for the part being produced, while the gage 
that represents a maximum limit may be smaller, but never 
larger, than the maximum size specified for the part being 
produced. 

Temperature at Which Gages Shall Be Standard.—Gages 
shall be standard at a temperature of 68 deg. fahr. 

Standard or Basic Size.—The standard or basic size, as 
physically represented by a correct standard master-gage, is 
the line at which interference begins between mating parts. 

Purpose of “Go” and “Not Go” Gages.—The “Go” gages, 
which are the gages that represent the maximum limit of the 
internal member and the minimum limit of the external mem- 
ber, control the allowances between mating surfaces and also 
control interchangeability. “Go” gages control the maxi- 
mum tightness in the fit of mating parts. Parts that are 
acceptable to proper “Go” gages will always interchange. 
Successful interchangeable manufacturing has been carried 
on for many years with the use of “Go” gages only. 

The “Not Go” gages limit the extent of the permissible 
variations, thus limiting the amount of looseness between 
mating parts. “Not Go” gages control the maximum loose- 
ness in the fit of mating parts and thus control, in large 


measure, the proper functioning of the assembled mech- 
anisms. 


III. GAGE CLASSIFICATION 


Master Gage.—The master gage is a plug thread-gage that 
represents as exactly as possible the physical dimensions of 
the nominal or basic size of the component. A standard 
master-gage shall be accompanied by a record of its meas- 
urement and the gage should be used with knowledge of any 
deviations or corrections. In case of question, the deviations 
of this gage from the exact standard shall be ascertained 
by the Bureau of Standards. 

Reference Gage.—A commonly used name for a master 
gage. Sometimes such gages include those that represent 
the extreme limits of the product and are used to check the 
inspection and working gages. 

Gages Used to Measure the Product.—The gages used to 
check the product may be divided into two general types: 
mechanical and optical. Both types, however, are controlled 
by the master gages. In general, most of the parts accepted 
by one method of gaging will be accepted by the other. It 
should be pointed out, however, that those parts which are 
close in size to either rejection-point, may be accepted by 
one system and rejected by the other. 

Mechanical gages are often divided into two classes: in- 
spection gages and working gages. Inspection gages are for 
the use of the inspector in accepting the product. They are 
generally of the same design as the working gages and the 
dimensions are such that they represent very nearly the ex- 
treme limits of the part being produced. Working gages 
are those used by the workman to check the parts as they 
are machined. It is recommended that, when successive in- 
spections are required, the working gages, by either design 
or selection, be of such dimensions that they are inside the 
limits of the gages used in succeeding inspections. 

When gages of the optical type are employed, the same or 
duplicate instruments are used for both classes of inspection. 
No distinction in size is necessary, as the elements of wear 
and “feel” are not involved in this method of measuring. 
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IV. GAGING PRACTICES AND GAGES 


The production of accurate parts is primarily a matter 
of eternal vigilance. The smaller the limits that are to be 
maintained, the more complete the inspection or gaging sys- 
tem must be. To secure satisfactory results, the manufac- 
turing tools provided must be sufficently accurate and the 
manufacturing methods sufficiently reliable to produce the 
required results. After tools and methods of proved reli- 
ability are provided, the next point is to watch the wear on 
the tools or their set-up to assure the maintenance of the 
required conditions. This is accomplished sometimes by a 
periodical test of the tools, sometimes by periodical gaging 
of the product, and sometimes by both. 

A screw-thread is comprised of several elements: first, 
the outside or major diameter; second, the pitch-diameter ; 
third, the core or minor diameter; fourth, the angle of the 
thread form; and fifth, the lead. There is a broad general 
principle in regard to limit gages that should always be 
kept in mind. Where compound tolerances are not involved, 
a “Go” gage with fixed measuring surfaces may check as 
many dimensions at one time as desired, and effective inspec- 
tion will be secured. On the other hand, an effective “Not 
Go” gage can check only one dimension. By effective inspec- 
tion is meant assurance that specified requirements in regard 
to size are not exceeded. 

The most difficult element of a screw-thread to gage is the 
lead. Lead-testing devices for checking tools and gages 
are available, but in general their operation is too slow for 
use as production inspection equipment. In addition, the 
lead is the most important element of a screw-thread as 
regards the nature of the contact between mating parts. 
Furthermore, an error in lead has almost double the effect 
of an equal error in diameter as regards interchangeability. 
Thus, for exacting threaded work, if the method of inspec- 
tion of the parts produced does not effectively inspect for lead 
errors, the tools used to produce these parts must be care- 
fully inspected for lead. 

Thread Micrometers.—Thread micrometers are used exten- 
sively to measure the pitch-diameter of taps and threaded 
internal parts. Thread micrometers should be calibrated 
periodically against a master gage, to avoid errors due to 
wear on the anvils of the instrument. Thread micrometers 
give no indication of lead and angle errors; therefore, the 
results of tests with thread micrometers alone cannot be 
taken as conclusive. 

Thread Snap-Gages.—Thread snap-gages, generally con- 
sisting of conical points, are commonly used to measure the 
pitch-diameter of screws and other threaded internal parts. 
As in the case of thread micrometers, these gages give no 
indication of lead and angle errors. Therefore, the results 
of tests with them alone cannot be taken as conclusive. 

Ring Thread-Gages.—Ring thread-gages are used exten- 
sively to measure the thread on internal parts. These are 
usually adjustable and are adjusted to suitable master or 
reference gages. Where parts are to be produced within 
specified limits, “Go” and “Not Go” gages are required. The 
thread on the “Go” gage is made of full form with its major 
diameter cleared or undercut to give a suitable clearance for 
grinding or lapping. The “Not Go” gage should be made 
primarily to check the minimum pitch-diameter. The minor 
diameter of such a gage should therefore never be smaller 
than the minor diameter of its corresponding “Go” gage, 
and its major diameter should be cleared as in the case of the 
“Go” gage. The use of such gages gives a certain measure 
of lead and angle errors, as well as of pitch-diameter errors. 
A proper “Go” gage will reject any parts that exceed the 
maximum dimensions specified. The “Not Go” gage, how- 
ever, does not necessarily reject all parts that exceed the 
specified cumulative tolerance. It is possible, with the use 
of such gages, to accept parts that exceed this cumulative 
tolerance because of lead or angle errors, or both. With the 
proper check on tools and manufacturing methods, however, 
such possibilities are the exception. Such gages have been 
used successfully for many years. 

Thread Comparators.—A recent development in the art of 
measuring threaded parts is the thread comparator, usually 
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an optical instrument. These optical instruments throw «an 
enlarged image of the thread upon a screen where it is com- 
pared with the enlarged outline of the required form. The 
location of the form used for comparison is made to agree 
with the image of the master gage. With such instruments 
all errors, both individual and cumulative, of diameter, lead 
and angle can be determined readily. These instruments 
can be adapted to measure taps and threaded internal parts. 

Plug Thread-Gages.—Plug thread-gages are used exclu- 
sively at the present time to measure threaded holes or 
threaded external parts. Where parts are to be produced 
within specified limits, “Go” and “Not Go” gages are re- 
quired. The thread on the “Go” gage is made of full form 
with its minor diameter cleared or undercut to give a suit- 
able clearance for grinding or lapping. The “Not Go” gage 
should be made primarily to check the maximum pitch- 
diameter. The major diameter of such a gage should there- 
fore never be larger than the major diameter of its corre- 
sponding “Go” gage, and its minor diameter should be cleared 
as in the case of the “Go” gage. The use of such gages gives 
a certain measure of dead and angle errors, as well as of 
pitch-diameter errors. A proper “Go” gage will reject any 
parts. that exceed the minimum dimensions specified. The 
“Not Go” gage, however, as in the case of the ring thread- 
gage, does not necessarily reject all parts that exceed the 
specified cumulative tolerance. 

Methods of Inspecting Screws.—One practice of inspecting 
screws produced on automatic machines is to provide a ring 
thread-gage set to approximately the mean size between the 
maximum and minimum limits. The threading tools are then 
set so that the product enters this intermediate gage, but 
will not enter the minimum or “Not Go” gage. The machine 
is then started up and parts are tested periodically with the 
regular “Go” gage and the intermediate gage. When the 
parts have increased in size so that they will not enter the 
intermediate gage more than three or four turns, the set-up 
is changed, even though the parts are still acceptable to the 
“Go” gage. 

A very similar plan can be followed when a screw-thread 
comparator is employed. The original set-up should be 
toward the minimum limit and the set-up should be changed 
as the maximum limit is approached. 

Reference has been made to successive inspections. Al- 
though the manufacturer may give but one inspection, it 
should be realized that the purchaser often inspects the 
produet to assure that the prescribed specifications have been 
fulfilled. Therefore, to reduce the possibilities of disagree- 
ment to a minimum, the manufacturer should strive to pro- 
duce parts well within the specified limits rather than close 
to the limiting sizes. 

Thread micrometers and thread snap-gages are used ex- 
tensively for testing the product as it is produced. As these 
instruments do not test all elements of the screw-thread, a 
“Go” gage should always be used as a supplementary test. 
Thread micrometers are a very effective means of watching 
the change in set-up due to wear on tools, etc. 

Methods of Inspecting Tapped Holes.—One practice of in- 
specting tapped holes is first to inspect the tap, and then 
test the tapped holes periodically with suitable gages. The 
tap can be watched for wear by testing the tapped holes with 
a “Go” thread-gage. One widely used practice consists of 
using a “Go” plug thread-gage and a “Not Go” plain plug- 
gage for the minor diameter. 

Another practice of inspecting taps is to measure the sev- 
eral elements, such as pitch-diameter, angle and lead; and 
still another consists of tapping a hole with each tap before 
it is issued from the tool-crib and testing these tapped holes 
with “Go” and “Not Go” plug thread-gages. 


V. INSPECTION OF GAGES 
When successive inspections in the same plant are involved, 
it is good practice to inspect all gages of the same nominal 
size against each other periodically, and to distribute these 
gages so that the earlier inspections will be made with those 
that are the greatest amount inside of the component toler- 


ance, and the later inspections with those gages closest in 
size to the component tolerance. 
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STORAGE-BATTERY DIVISION 
Division Personnel 
W. E. Holland, Chairman 


REPORT 


Philadelphia Storage Battery 
Co. 

Consulting Engineer 

Detroit Electric Car Co. 

Gould Storage Battery Co. 

Commercial Truck Co. 

Electric Storage Battery Co. 

Prest-O-Lite Co., Inc. 


I. M. Noble, Vice-Chairman 
G. L. Bixby 

R. N. Chamberlain 

E. L. Clark 

Bruce Ford 

W. E. Gossling 


C. T. Klug Willard Storage Battery Co. 
R. C. Mitchell Edison Storage Battery Co. 
J. L. Rupp Westinghouse Union Battery 


Co. 
Bureau of Standards 
National Motor Car & Vehicle 
Co. 


RATINGS OF STORAGE BATTERIES FOR ISOLATED ELECTRIC- 
LIGHTING PLANTS 
(Proposed S.A.E. Recommended Practice) 


At a meeting of the Storage Battery Division in Sep- 
tember the work in establishing a storage-battery rating 
for isolated electric-lighting plants was reviewed with 
particular reference to the action of the Isolated Electric- 
Lighting Plant Division on July 28, 1921, in recommend- 
ing a standard rating of capacity expressed in terms of 
watt-hours based on a continuous 8-hr. discharge test. 
This recommendation did not receive general approval 
when submitted to letter ballot of storage-battery and 
lighting-plant manufacturers. 

In view of the fact that at the present time several 
methods of rating storage-batteries are used, it is con- 
sidered advisable by the Storage-Battery Division to 
recommend that either the intermittent or the continuous 
-ratings should be used in accordance with the recom- 
mendation of the Storage-Battery Subdivision of the 
Electrical Equipment Division made on May 28, 1919. 
The present Storage-Battery Division is the successor of 


G. W. Vinal 
W. G. Wall 


the Storage Battery Subdivision in existence at that 
time. 
As the subject of storage-battery ratings was re- 


assigned to the Storage Battery Division by the Council, 
the Storage Battery Division recommends for adoption 
as S.A.E. Recommended Practice the following methods 
of rating storage batteries for isolated electric-lighting 
plants. 


RATINGS OF STORAGE BATTERIES FOR ISOLATED ELECTRIC- 
LIGHTING PLANTS 


(1) Lead-acid storage batteries for isolated electric- 
lighting-plant service shall have two ratings, a con- 
tinuous rating and an intermittent rating. The ratings 
shall be determined at an initial temperature of 80 deg. 
fahr. and be based on a final voltage of not less than 
1.75 volts per cell. 

(2) Continuous Rating—The continuous rating shall 
be the capacity in ampere-hours of the battery when 
it is discharged continuously at the 8-hr. rate. 

(3) Intermittent Rating—The intermittent rating 
shall be the capacity in ampere-hours of the battery 
when it is discharged intermittently over a period of 
72 hr. 

In order to avoid night work, the following test is 
suggested: 

Discharge at a rate of current equal to 1/24 of 
the rated ampere-hour capacity of the battery for 
an initial discharge period of 4-hr., followed by a 
16-hr. rest; then two 8-hr. discharge periods, each 
followed by a 16-hr. rest; the final discharge 
period being 4-hr. 
short periods at the beginning and at the end 


| Or 


permit the test to begin at noon of the first day and 
end at noon of the fourth day. 

(4) Except for the final voltage per cell the ratings 
apply to nickel-iron batteries as well as to lead-acid 
batteries. 

(5) Battery manufacturers should specify both rat- 
ings in their catalogs using the following form: 

S.A.E. Ampere-Hour Capacity Ratings: 100-140 
The first number represents the capacity based on the 
continuous rating and the second number the capacity 
based on the intermittent rating. 

As it is thought that the situation can be covered 
adequately at this time only by specifying both the 
continuous and the intermittent ratings, the Storage 
Battery Division makes this recommendation with the 
express understanding that in case either one of the 
two ratings proposed is eliminated by subsequent 
Standards Committee or Society action, the recom- 
mendation will be referred back to the Division. 


STORAGE-BATTERY MONOBLOCK CONTAINERS 
(Proposed S.A.E. Recommended Practice) 


In November, 1921 the standardization of storage- 
battery containers was suggested by a member of the 
Storage-Battery Division. A tentative proposal was sub- 
mitted and considered at several meetings of the Storage- 
Battery Division during 1922, the proposal having met 
with the favorable consideration of storage-battery and 
hard-rubber manufacturers before fina! action was taken. 
Therefore 


The Storage Battery Division recommends for adop- 
tion as S.A.E. Recommended Practice the accompany- 
ing dimensions for storage-battery monoblock con- 
tainers. 


MONOBLOC CONTAINERS FOR STARTING AND LIGHTING 
BATTERIES 


Height. — Containers shall be made in two heights 
only; namely, the B height for plates approximately 
4% in. high, and the C height for plates approximately 
5% in. high. 

Overall Height.—The height from the .outside of the 
bottom of the case to the top of the handle shall not 
exceed 914 in. for B containers, or 9% in. for C con- 
tainers. 

Height from Top of Ribs to Top of Container.— 
These heights shall be: 

B containers 6% in.) Plus 0 

C containers 7 in. § Minus 1/16 in. 
Maximum variation between different compartments, 
3/32 in. 

Inside Width of Compartments.—5 31/32 in., plus or 
minus 1/32 in. 

Inside Lengths of Compartments.—(a) 6-Compart- 
ment Containers 


B Containers C Containers 
S-3-B 1 5/16 in. S-4-C 1 1/2 in. 
S-4-B 1 1/2 in. S-5-C 111/16 in. 
S-5-B 111/16 in. 


(b) 3-Compartment Containers 


B Containers C Containers 


S- 7-B 2 1/16 in. S- 8-C 2 3/8 in. 
S- 8-B 2 3/8 in. S-10-C 213/16 in. 
S- 9-B 2 7/16 in. S-13-C 3 1/4 in. 
S-10-B 213/16 in. S-14-C 3 5/16 in. 
S-16-B 311/16 in. S-16-C 311/16 in. 
S-18-B 315/16 in. 

S-19-B 4 1/8 in. 


(ec) Tolerances of plus 0 and minus 1/32 in. shall apply 
to container lengths of 35/16 in. or less and tol- 
erances of plus 1/64 in. and minus 1/32 in. to 
lengths of over 3 5/16 in. 

Partitions Between Compartments.—The thickness 
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of the partitions between compartments shall be 3/16 
in. minimum and % in. maximum. 


Overall Width.—The overall width shall not exceed 
7% in. 


It is the opinion of the Division that approval of the 
proposed recommended practice will result in its gradual 
adoption throughout the industry and effect a simplifica- 
tion of mold equipment. Although the monoblock con- 
tainer is relatively a new development, standardization 
will do much to prevent needless expense to the hard- 
rubber manufacturers in meeting unnecessary special 
demands of the automobile and the battery manufac- 
turers. 

It is not considered advisable by the Division to specify 
the outside dimensions for the containers as this would 
tend to limit development. It is thought, however, that 
the dimensions agreed upon will be a good basis for 
determining the ultimate outside dimensions. 


TRANSMISSION DIVISION REPORT 


Division Personnel 


A. C. Bryan, Chairman Durston Gear Corporation 

L. C. Fuller, Vice-Chairman Fuller & Sons Mfg. Co. 

A. W. Copland Detroit Gear & Machine Co. 

A. M. Dean Rubay Co. 

D. E. Gamble Borg & Beck Co. 

A. A. Gloetzner Covert Gear Co., Inc. 

C. H. Grill Foote Bros. Gear & Machine 
Co. 

Joseph Jandesek Formerly with Olds Motor 
Works 

W. C. Lipe Brown-Lipe Gear Co. 

W. M. Petty Service Motor Truck Co. 

C. E. Swenson Mechanics Machine Co. 

E. E. Wemp Long Mfg. Co. 

S. 0. White Warner Gear Co. 


CLUTCH FACINGS 
(Proposed S.A.E. Recommended Practice) 


In March, 1922 the Society adopted the recommenda- 
tion of the Transmission Division for clutch facings, 
the recommended practice now being printed on p. E19 
of the S.A.E. HANDBOOK. At a meeting of the Division 
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held in October a report was submitted by A. C. Bryan 
covering the location of the rivet holes and the size of 
rivets, this having been submitted to manufacturers and 
users for comment. Although the Subdivision report at 
first recommended two concentric rivet-hole circles, it 
was revised to specify only one rivet-hole circle for each 
size of facing used for multiple discs, and the total num- 
ber of circles for all facing sizes was reduced to three, 
thus necessitating but three sizes of drilling jig. 

This action was considered to be in accordance with 
good clutch design as the members of the Division have 
experienced no trouble with fabric or molded types of 
clutch facing curling even with wider facings, when the 
rivets were placed in one rivet-hole circle. The maxi- 
mum amount of wear was provided for by specifying 
that the thickness of facing from the bottom of the 
counterbore to the under side of the facing should be 
1/16 in. with tolerances of plus 1/64 in. and minus zero, 
this being the minimum thickness to give the rivets suffi- 
cient hold. Therefore 

The Transmission Division recommends that the 
present S.A.E. Recommended Practice for clutch fac- 
ings, p. E19 of the S.A.E. HANDBOOK, be extended to 
specify the dimensions for locating the rivet holes and 
the rivet sizes for multiple-disc facings shown in the 
accompanying table. 

The Division plans to give further consideration to the 
standardization of the rivet locations for single-plate 
clutch facings. 


TRUCK DIVISION REPORT 
Division Personnel 
F. A. Whitten, Chairman 
A. J. Scaife, Vice-Chairman 
A. K. Brumbaugh 
G. S. Cawthorne 
J. R. Coleman 


General Motors Truck Co. 
White Motor Co. 

Autocar Co. 

Master Trucks, Inc. 
Selden Truck Corporation 


F. W. Davis Consulting Engineer 

H. E. Derr International Harvester Co, 
A. W. Herrington War Department 

M. C. Horine International Motor Co. 

H. B. Knap Packard Motor Car Co. 

W. M. Petty Service Motor Truck Co. 

C. B. Veal Manly & Veal 


VERTICAL DUMPING-HOIST PLATFORMS 
(Proposed S.A.E. Recommended Practice) 


The standardization of vertical dumping-hoist plat- 
form mountings was discussed at a recent meeting of 
the Truck Division, but it was felt that not much can be 
done in this connection except to indicate in a general 
way what is considered good practice as to the method 
of fastening the hoist platform to the truck frame. 
Therefore 

The Truck Division recommends for adoption as 

S.A.E. Recommended Practice that in mounting vertical 

dump-hoist platforms no holes shall be drilled through 

the frame flanges or in the web near the flanges, but 
that where the frames are drilled the holes shall be on 
or near the neutral axis of the frame section. 


THREE-JOINT PROPELLER-SHAFTS 

(Proposed Revision of S.A.E. Recommended Practice) 

The present S.A.E. Recommended Practice for Three- 
Joint Propeller-Shafts, p. E6a of the S.A.E. HANDBOOK, 
was criticized at the time of its adoption in March, 1922 
by several of the Society members to the effect that the 
square type of shaft-end should not be included in the 
standard as it is not widely used. This matter was con- 
sidered at a recent meeting of the Truck Division and, 
although it was felt that the square shaft-end is not the 
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best construction for three-joint propeller-shafts, it was 
decided not to revise the recommended practice unless a 
general inquiry should substantiate the criticism. A 
letter was therefore sent out and, as the replies indi- 
cated that this type of shaft-end is not used extensively, 
The Truck Division recommends that the present 
S.A.E. Recommended Practice for Three-Joint Propel- 
ler Shafts, p. E6a of the S.A.E. HANDBOOK, be revised © 
by eliminating the square type of shaft-end. 


Bopy HoLD-DOWN CLAMPS 
(Proposed S.A.E. Recommended Practice) 


Discussion of body hold-down clamps at the Truck 
Division meeting in July indicated that standardization 
of a general type of clamp would lead to improved prac- 
tice in many instances. Although this subject will prob- 
ably be of more interest to body builders than to truck 
builders inasmuch as the former usually make their own 
clamps, it is felt that a recommendation should be adopted 
as a guide to the more general use of an effective, in- 
expensive method of fastening truck bodies to frames. 
Therefore 

The Truck Division recommends for adoption as 

S.A.E. Recommended Practice that neither the top nor 

the bottom flange of motor-truck frames shall be 

drilled for body or hoist platform hold-down clamps, 
but that U-clamps shall be used with a wood block 
filler between the frame flanges to prevent bending, in 

a manner similar to the construction shown in the ac- 

companying illustration; and that the use of too many 

hold-down clamps for securing the body to the frame 


Subsil/ or 
Q Stringer 
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be guarded against, particularly in mounting a very 
stiff body such as those used for oil-tanks. 


MoToR-TRUCK CABS 
(Proposed S.A.E. Recommended Practice) 


Early last spring it was decided to undertake the 
standardization of motor-truck cab mounting-dimensions 
to save the loss of time and expense in fitting cabs to 
truck chassis and to make it possible for truck operators 
to change a cab from one chassis to another when de- 
sired. Information was obtained from truck builders 
as to the mounting dimensions required for cabs used 
on their trucks; this was tabulated and analyzed, and a 
tentative recommendation was based on it. The recom- 
mendation was reviewed, together with comments re- 
ceived from motor-truck cab builders, and was modified. 

The revised recommendation was referred to motor- 
truck and cab manufacturers for final comment, the com- 
ments received being referred to the members of the 
Truck Division and final Division action taken by letter 
ballot. Therefore 


The Truck Division recommends for adoption as 
S.A.E. Recommended Practice the motor-truck cab di- 
mensions given in the accompanying table. 





« -Front of Dash 


PROPOSED MOTOR-TRUCK CAB DIMENSIONS 








Truck Capacity, 











Tons A BS C 
1,1%,2,2% 3% ee 
3, 3%, 4,5 | 4 39 | 56 








* Minimum for windshield lower edge. 
doors or sice curtains are used, 
the driver’s vision shall be 
possible. 


Where cab sides, 
care should be taken that 
interfered with as little as 


It is not expected that the cab dimensions proposed 
will permit the installation of stock cabs on all chassis 
now built. The modus operandi has been to strike an 
average of the prevailing practice with due regard to 
the possibility of tempering such practice to meet that 
of the largest number of users. The recommendation 
will offer the opportunity. 
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Detroit Production Dinner: 





T the Production Dinner in Detroit in October, 
which was not only an unusually intimate occa- 
sion but also a liberal education on the necessities 

and possibilities of cooperative methods in production, 
H. H. Emmons, who was in charge of Liberty-engine 
production during the war, Past-President Kettering and 
P. S. du Pont, president of the General Motors Corpo- 
ration, gave inspiring talks. These are reproduced in 
large part herewith. A. B. C. Hardy, president and gen- 
eral manager of the Olds Motor Works, was the prin- 
cipal speaker of the evening. His address is printed 
elsewhere in this issue of THE JOURNAL. 


P.S. DU PONT 


AM struck frequently, as we go on with our daily prob- 

lems in the automobile industry, how discouraged we 
are over many things that in the future will seem very 
light. It is because we do not understand our problems; 
we are fearful, because we do not understand, that some- 
body else may and get ahead of us. We in the General 
Motors are fearful of somebody else and somebody else 
is fearful of us. We are struggling against each other 
in imagination, but really not in practice. We are all 
working on a common problem. What one man finds out 
quickly becomes the property of everyone to expand still 
further. There is nothing fearful in this industry, any 
more than in the simple problem of smokeless powder 
before it was turned out finally as a finished product. 

If we work together in the industry the problems will 
be easily solved. If we are not fearful of the problems, 
they will be still more easily solved. 

We all know that our present cars, our present engines, 
everything, are very imperfect. I believe all of you could 
tell me, as I cannot tell you, just how imperfect our oper- 
ations are. That makes the problem all the more in- 
teresting. We are fortunate to be in this industry which 
is an infant. There is before us now, not only the world 
of our own industry, with its many ramifications and 
possibilities of development, but there are thousands of 
uses of the automobile that we do not picture to-day. 
We have only scratched the field. This is the only coun- 
try in the world that uses the automobile, as you know, 
and yet the bulk of the population is elsewhere with its 
own problems, peculiar problems, if you will, but all be- 
fore you to be solved. All of us have a wonderful oppor- 
tunity because we will all have some years in this indus- 
try and the next few years are going to be full of de- 
velopments of interest for us. 

I congratulate the Society on mustering so many men 
together, and so many brains, on these problems. I wish 
you all happiness in the development of them and I only 
hope I may share to a certain extent in your troubles 
and in your successes. 


H. H. EMMONS 


AM very glad to have the privilege of being here to- 

night and seeing so many of the men with whom I 
was associated during the 2 years that I look back on 
with the most pleasure of any in my existence, because 
the production of aviation engines during the war, under 
the conditions in which it was started and in the way in 
which it had to be handled and the tremendous results 
that were achieved, constitutes, I think, the most remark- 
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able production program that was ever put through in 
the history of industry. That was due to the men in the 
factories, the engineers and the production men. 

It is a real pleasure to think of the time when that 
wonderful job was accomplished, when the Liberty en- 
gine was struck from the minds of two or three men in 
the course of 2 or 3 days and was put into production 
by one of the factories here in Detroit whose production 
man sits at this table, within 4 months after it had passed 
its tests, the production reaching within 13 months 
15,570 engines complete with spare parts equal to 55 per 
cent in addition. There were working on the program 
for the making of 100,993 aviation engines, over 200,000 
men and women in the factories and parts plants, an 
enthusiastic, whole-hearted crew of people, who had but 
one thought, to get out the most engines, of the best qual- 
ity, in the shortest possible time. The result was that 
before the armistice was declared, of all seven types of 
aviation engine made in this Country, over 33,000 were 
delivered into service complete with their spare parts, 
between May, 1917, and November, 1918. 

The Liberty aviation engine has never been surpassed 
for all-round efficiency by any other engine of similar 
type. It is used to-day by all the services of the Govern- 
ment engaged in aviation activities. The Post Office De- 
partment uses it almost exclusively. Some of the races 
that were held in Detroit recently were won by airplanes 
that were propelled by the Liberty engine. Other en- 
gines of excellent design and workmanship were made 
here during the war, such as the Hispano-Suiza. The 
work that was done at that time by the engineers and 
the production men stands to-day for the benefit and 
service of the Nation; it is one of the greatest assets the 
Air Service has. 

The main function of every one connected with indus- 
try is to help the production man, assist in the produc- 
tion of material. A lawyer may draw a wonderful con- 
tract or an engineer make a wonderful design, but neither 
of them is worth the paper it is written on if it does not 
help some fellow to produce something that somebody 
wants and can use. Now that the automotive industry 
has passed from infancy to manhood, the proposition of 
engineering and production comes again into the public 
eye, in the birth of a new baby, namely, commercial 
aviation material. That is the next thing before us to 
handle. That material will be needed as badly and as 
quickly as the other automotive material has been here- 
tofore. Those who have studied the question of aerial 
navigation with relation to national defense know that 
it is most important that we get aviation on a basis 
where civilian airships and airplanes will be constructed 
so that they will furnish the absolutely essential and 
fundamental element of national defense, as to both ma- 
terial and personnel. There is no place where engineer- 
ing and production should be combined so promptly and 
with such effect as in the development and production 
of this material. 

The time of fighting wars in the old style has gone. A 
war between two adjoining nations will be decided in a 
few hours. There will be no time to mobilize a body of 
troops or handle a fleet of battleships. The nation that 
will defend itself must have control of its own air. We 
have an enormous boundary-line, both land and water. 
To provide in the naval or military service a defense in 
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the air would cost us an enormous amount of money. 
If we develop civil aerial navigation with equipment that 
can be converted for use in war, and have the aviators 
trained and regulated so that they will be able to handle 
the dropping of bombs as well as the transportation. of 
passengers and express, we shall have very cheaply and 
very efficiently the national defense we need. To that 
end, I hope that the engineer and the production man 
will take to heart all of the lessons that have been learned 
in automotive industry. 


C.F. KETTERING 


W HEN we engineers design a thing, and the pro- 

duction man starts to make it and puts it together, 
it is never what we designed. Then we have to go back 
and do the job all over again. There is a certain amount 
of relief in that, because nobody is responsible for the 
production then. There has been a good bit of reason 
for that. Things have had to be produced in a certain 
length of time, and engineers have proposed certain 
types of material that could not be obtained. Since we 
have had modern metallurgy, when a part is not strong 
enough, all we have to do is get another type of alloy- 
steel. That serves until the customer gets it. I was in 
a shop not long ago where they had 57 different kinds 
of alloy-steel to cure the same trouble. By the time it 
was cured the article was out of production. 

The time for the production engineer to sit in is before 
the thing is designed. I believe that this industry has 
spent hundreds of millions of dollars, foolishly, by not 
calling the production man in when the design was in 
process. We do many things in engineering work that 
inflict on the factory problems that have had no thought 
at all. 

Your designing engineer will work up the machine. 
You may build a model. A thing may function properly. 
The drawings will be prepared for production. A num- 
ber of the little details in those production drawings are 
put in without any brains at all. A draftsman you hired 
day before yesterday will put in fillets and impossible 
sets of conditions that the production man cannot carry 
out. Those drawings will go to your tool-design depart- 
ment and your tool-makers will try to make the tools 
from the design. You will attempt to manufacture the 
parts, with the net result that the whole thing is made 
exceedingly difficult to do, many times, when neither the 
designing engineer nor the production manager has had 
a chance to touch the real cause of the trouble. 

I believe that we do not need to be overly secret after 
we get a design worked out so far as the production 
engineering is concerned. I think that the production 
men should have a chance to look at the design before 
it is finally crystallized. No designing engineer should 
be fastidious about changing a drawing to facilitate 
production. 

We have found that turning wooden models of the 
pieces under question over to the factory men to look 
at has paid for the cost of the models more than a hun- 
dredfold. Making up a casting in such a way has re- 
sulted in suggestions from the pattern-shop and the 
foundry that have simplified the design, the methods of 
location and what not, saving thousands of dollars in 
tooling. 

There should be no dissension among production and 
engineering men. The two closest fellows in any organ- 
ization should be the production man and the engineer. 
A third man who has never been there should come into 
the picture, the accounting man. Cost accounting as we 
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know it to-day is historical; sometimes very historical. 
Our designing engineers and our production engineers 
will not get to the real finality of this thing until the 
question of costs is considered in connection with every 
line of the design. I do not mean that a design should 
necessarily be cheap, but that it is the worst type of 
economy to spend a dollar in the production of any piece 
that does not render a dollar’s service to the customer. 
If the cost accountant injects fundamental economies 
into the job when it is being designed, the designer, the 
production man and he can work out a product that will 
be better, serve the customer better and make the final 
amount in the bank greater. 

It seems to me that this Production Meeting marks 
an epoch in the history of the automobile engineer. We 
should consider more and more the question of the 
productability of a piece and its cost, before completing 
designs. Once we do that, we shall proceed into the 
finality of the job, just as the Society has tried to carry 
out the standardization of materials. 

In the case of any design we should not think of it 
first in terms of a special machine. A special machine 
should be considered only after a standard machine has 
been thoroughly considered. The question of design 
should carry with it a picture of the floor space, the 
capital investment and all the other things that’ enter 
into the ultimate cost of the article. We have been in- 
terested too much in labor and material; and overhead 
has been a plaster that we put on regardless, without 
bearing in mind that it is just as great a factor as, and 
sometimes many times greater than, the labor, and occa- 
sionally equal to the labor and the material. We do not 
always recognize that when we design a piece of appar- 
atus we are automatically laying-out shops, including all 
the things that are involved in the fabrication. 

So, in this twenty-first year of our industry, it seems 
to me that we should appreciate that the ultimate cost 
of an article is its cost when it is on the shipping plat- 
form and that this cost can never be reduced to its low- 
est possible minimum until all of the factors that enter 
into the cost sheet shall have been taken into consider- 
ation. 

I am certainly glad to have had the opportunity to be 
at this meeting and see the production men and the 
engineers together. We have been a loyal bunch of 
scrappers. Each side has thought the other has been 
somewhat off color and perhaps both were right. If we 
get together in all of our work we shall produce a better 
article for our customers. 

We ought to make automobiles that can be repaired 
when and as they break. We should be able to repair 
them with some of the tools that are in the tool-kit. The 
thickness of the instruction-book should be greatly re- 
duced. To-day, the kit of tools and the instruction book 


are the great engineering alibis of the automotive in- 


dustry. 

It does not cost much to mark on the tool the use to 
which it is to be put. Many of you have never bought 
a new automobile. Maybe you have driven some you 
have designed. If you should buy a car, have something 
happen to it, and take out and look at the tool-kit, what 
you would finally do is to take the pliers and fix the 
trouble. 

For a small price you can indicate with a stamp what 
those tools are to be used for. All such things are a 
part of engineering. All of them will help to make our 
boss, the customer, happy and willingly subscribe a cer- 
tain amount to the payroll. If we will recognize that 
the future of our industry depends upon how well and 
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how easily we can put into the hands of the customer 
the automatic transportation he never had before, we 
will have solved the great problem of the automotive 
engineer. 

It is not making so many machines. It is not melting 
up so many tons of cast iron. It is not making so many 
wonderful designs, putting on various types of things. 
That is not the question. We must do something else. 
To-day, we have bumpers on the front and the rear of 
the car. We have cozy wings, cigar lighters. We have 
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every conceivable thing that you can think of on cars. 
We cannot get anything more on unless we increase the 
wheelbase. 

The big question is whether that provides economical 
and desirable transportation. In the degree that you 
render that desirable transportation by furnishing a 
minimum amount of material, and a minimum number 
of places for the car to get out of order, just so far will 
you have gone in fulfilling the mission for which the 
Lord has apparently created you. 





S.A.E. STANDARD BABBITT SPECIFICATIONS 


SERIOUS error in the publication of the S.A.E. Stand- 
4% ard specifications for babbitt, or white bearing metals, 
in the August 1922 issue of the data sheets has been brought 
to the attention of the Society. Specifications Nos. 11, 12, 
13 and 14 do not cover the maximum amounts of the various 
impurities that were given in the original babbitt specifica- 
tions of which they were revisions. It was not the intent of 
the Non-Ferrous Metals Division to omit specifying the 
impurities but, as the report of the Division as acted upon 
at the Standards Committee Meeting in June did not refer 
to allowable impurities in the specifications, the report was 
so printed in the S.A.E. HANDBOOK, pp. D103 and D104. 

In order that the members of the Society may note in 
their Handbooks the additional elements covered by these 
specifications, the complete babbitt specifications are reprinted 
below, the matter omitted in the August 1922 issue of data 
sheets being printed in italics. 


WHITE BEARING METALS 


The limits for the chemical compositions specified for 
metal in ingot form are closer than the limits specified for 
cast products, as allowances have been made for variations 
in the chemical content due to casting. 


SPECIFICATION No. 13, BABBITT 


Composition in percentage. 


Cast Products Ingots 


Tin 4.50to 5.50 4.75to 5.25 
Antimony 9.25to0 10.75 9.75 to 10.25 
Lead, max. 86.00 85.50 
Copper, max. 0.50 0.50 
Arsenic, max. 0.20 0.20 
Zine and Aluminum None None 


General Information.—This is a cheap babbitt and serves success- 
fully where the bearings are large and the service light. It should 
not be used as a substitute for a babbitt with a high tin-content. 
It is also suitable for die-castings. 


SPECIFICATION No. 14, BABBITT 


Composition in percentage. 


Cast Products Ingots 


Tin 9.25 to 10.75 9.75 to 10.25 
Antimony 14.00 to 16.00 14.75 to 15.25 
Lead, max. 76.00 75.25 
Copper 0.50 0.50 
Arsenic, max. 0.20 0.20 
Zinc and Aluminum None None 


General Information.—This is a cheap babbitt and serves success- 
fully where the bearings are large and the service light It should 


not be used as a substitute for a babbitt with 
It is also suitable for die-castings. 


a high tin-content. 


SPECIFICATION No. 10, BABBITT 


Composition in percentage: 


Cast Products Ingots 
Tin, min. 90 90.75 
Copper 4tod 4.25 to 4.75 
Antimony 4to5d 4.25 to 4.75 
Lead, max. 0.35 0.35 
Iron, max. 0.08 0.08 
Arsenic, max. 0.10 0.10 
Bismuth, max. 0.08 0.08 
Zinc and Aluminum None None 


When finished bronze-backed bearings are purchased a 
maximum of 0.6 per cent lead is permissible in scraped sam- 
ples provided a lead-tin solder has been used in bonding the 
bronze and the babbitt. 


General Information.—This babbitt is very fluid and may be used 
for bronze-backed bearings, particularly for thin linings such as are 
used in aircraft engines. It is also suitable for die-castings. 


SPECIFICATION No. 11, BABBITT 
Composition in percentage: 


Cast Products Ingots 
Tin, min. 86.00 87.25 
Copper 5.00 to 6.50 5.50 to 6.00 
Antimony 6.00 to 7.50 6.50 to 7.00 
Lead, max. 0.35 0.85 
Iron, max. 0.08 0.08 
Arsenic, max. 0.10 0.10 
Bismuth, max. 0.08 0.08 
Zine and Aluminum None None 
General Information.—This is a rather hard babbitt which may 
be used for lining connecting-rod and shaft bearings which are sub- 


jected to heavy pressures; its “wiping’’ tendency is very slight. It 
is also suitable for die-castings. 
SPECIFICATION No. 12, BABBITT 


Composition in percentage: 


Cast Products Ingots 
Antimony 9.50t0 11.50 10.25 to 10.75 
Copper 2.25 to 3.75 2.75to 3.25 
Lead, max. 26.00 25.25 
Tin, min. 59.50 60.00 
Iron, max. 0.08 0.08 
Bismuth, max. 0.08 0.08 
Zine and Aluminum None None 


General Information.—This is a relatively cheap babbitt and is 
intended for bearings subjected to moderate pressures. It is also 
suitable for die-castings. 
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Coming Meetings of the Society 





THE ANNUAL MEETING 


HE Annual Meeting of the Society will be held in New 

York City, Jan. 9 to 12. These dates occur during the 
week of the National Automobile Show and the Automobile 
Body Show, thus enabling the members to visit these im- 
portant exhibitions while in the city for the Society meet- 
ing. The valuable knowledge that can be gained from the 
two shows and the representative group of papers at the 
Society meetings will amply repay each member for the time 
and expense of attendance. The following paragraphs an- 
nounce such details of the program and arrangements as 
are definite at this time. Lay your plans to be in New York 
City from Jan. 9 to 12. 


REDUCED RAILROAD FARES 


Negotiations are under way with the Trunk Line Asso- 
ciation to secure reduced railroad fare concessions for the 
benefit of members who attend the Annual Meeting. Mem- 
bers will be required to secure special certificates from the 
local railroad agent when purchasing tickets to New York 
City. These certificates must be presented for validation 
at the Transportation Desk at the Annual Meeting. Abso- 
lutely no certificates will be validated for any person not a 
member of.the Society. The Society is held accountable 
under the Interstate Commerce laws for any violation of the 
agreement limiting the reduced-fare privilege to members 
and dependent members of their families. Regardless of 
any assurance given by local railroad officials, there will be 
no certificates validated at New York City unless they are 
presented by persons whose membership is evidenced by our 
records. Complete details of the reduced-fare plan will reach 
the members in an early issue of the Meetings Bulletin. 


THE ANNUAL DINNER 
The Annual Dinner will be held at the Hotel Pennsylvania 
Thursday evening, Jan. 11. The Dinner is one of the estab- 
lished features of Show Week and is nationally regarded as 
the outstanding gathering of representative automotive men 


Society of Automotive Engineers, Inc. 
29 West 39th St., New York City. 
Gentlemen :— 


follows: 


Be et ee ca tickets for members at $6.00. 


day, Jan. 9. 


Please enclose list of those for 
whom these tickets are intended. 


Pe aor ree tickets for non-members at $7.00. 
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held during the year. Our genial friend, C. F. Kettering, will 
serve us again as toastmaster. There will be one formal 
after-dinner address and past experience has demonstrated 
that the speaker will be selected because his message is of 
direct interest to the men in the industry. Tickets for the 
Dinner should be ordered at once using the form printed at 
the bottom of this page. Preference as to location of tables 
will be accorded applications in the order of their receipt. 

It has been decided by the Council and Meetings Com- 
mittee to eliminate the Carnival of past years from the 1923 
program. This is largely due to the fact that, when staged 
with the proper degree of decoration, novelty and splendor 
this event can not be made self-supporting financially unless 
prohibitive rates are charged for admission. 


THE TECHNICAL SESSIONS 


All technical meetings will be held in the Engineering 
Societies Building at 29 West 39th Street. The morning 
meetings will start promptly at 9:30, one-half hour earlier 
than in previous years. The afternoon meetings will start 
at 2 o’clock and the evening meetings at 8 o’clock. 

The Annual Standards Committee Meeting, Tuesday morn- 
ing and afternoon, Jan. 9, will include many important re- 
ports upon which action as to adoption, revision or rejec- 
tion will be taken. The reports to be considered will be 
found in this issue of THE JOURNAL and should be studied 
by the members so that pertinent suggestions of criticisms 
may be presented at the meeting. 


BoDY ENGINEERING 


It is probable that two Body Engineering Sessions will be 
held at the Annual Meeting, on Tuesday and Wednesday 
afternoons, respectively. L. V. Pulsifer will present a very 
comprehensive paper on the testing of automobile paints 
and varnishes including actual demonstrations with labora- 
tory apparatus. George J. Mercer will read a paper on the 
design and construction of less expensive closed bodies. The 
standardization of lumber sizes and specifications will be the 
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Order of Receipt ——————— 


Please mail me tickets for the Annual Dinner at the Hotel Pennsylvania, New York City, Jan. 11, as 


) 


j I enclose check for $........ and list of guests. 


I understand that all dinner seats are reserved; that preference as to location will be ac- 
corded applications in the order of their receipt; and that each table seats ten. 


I also understand that dinner tickets are not subject to cancellation or refund after Tues- 
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topic of a paper by F. F. Murray. Other papers are under 
consideration and will be announced later. 


AERONAUTIC SESSION 


The plan for the Aeronautic Session, Tuesday evening, 
Jan. 9, is rather unique. Five or six outstanding authori- 
ties on commercial aircraft are being invited to present brief 
opinions on certain fundamental design problems whose solu- 
tion is considered necessary before commercial aviation can 
progress. These opinions will be thoroughly discussed and 
debated with the hope that the resultant interchange of 
thought may clarify the present dilemma as to what consti- 
tutes a truly practicable and profitable commercial airplane. 
Names of the contributors to this symposium will be an- 
nounced later. 

The meeting on Wednesday morning, Jan. 10, will include 
the annual reports of the Treasurer and of the Sections, 
Meetings and Membership committees. Ballots for the elec- 
tion of officers for 1923 will be counted and the result an- 
nounced. President Bachman will present his annual presi- 
dential address at this session. 


FUEL AND ENGINE PAPERS 


Prof. G. A. Young will present a paper on Practical Meth- 
ods of Securing High Compression Without Detonation at a 
technical session to be held Wednesday afternoon, Jan. 10. 
This. paper brings out some interesting results of research 
work conducted in the laboratories of Purdue University. 
This will be followed by a paper by Thomas Midgley, Jr., 
outlining the Fundamental Laws Governing Detonation. A 
third paper on a Means of Measuring Detonation and Com- 
paring Fuels for Use in High-Compression Engines will be 
presented by Stanwood W. Sparrow and S. M. Lee, of the 
Bureau of Standards research staff. It will be noted that 
this group of three papers is concentrated on the detonation 
phase of the automotive fuel problem. 

Robert E. Wilson will present the first paper at another 
meeting devoted to fuels on Thursday afternoon, Jan. 11. 
His paper will discuss the Function of Oil and Fuel in Crank- 
ease Dilution. C. S. Kegerreis will read a paper on the Car- 
buretion of Gasoline and Kerosene. It will outline metering 
characteristics and the temperatures necessary for good per- 
formance; data on air and fuel flow will be supplied and 
specifications for an ideal carbureter presented. 


COOPERATIVE FUEL RESEARCH SESSION 


One entire session on Thursday morning, Jan. 11, will be 
devoted to reports and discussion of the progress made in 
the Cooperative Fuel Research project that was formulated 
by the Research Department of the Society. The expense of 
this fuel-volatility research has been borne jointly by the 
National Automobile Chamber of Commerce and the Ameri- 
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can Petroleum Institute representing the automobile and 
petroleum industries, respectively. The research work has 
been done largely at the Bureau of Standards in the city of 
Washington although many other agencies have been co- 
operating in the tests. Dr. H. C. Dickinson, manager of the 
Society’s Research Department, W. S. James and R. E. Carl- 
son, of the Bureau of Standards, and H. M. Crane, chair- 
man of the Research Committee, will address this meeting. 
The discussion of the conclusions reached as a result of the 
tests is expected to be most valuable and complete. 


AIR-COOLED ENGINES 


Two simultaneous sessions are scheduled for Friday morn- 
ing, Jan. 12, with two papers in each. A very complete paper 
on Air-Cooling of Passenger Car Engines will be presented 
by S. D. Heron of the McCook Field engineering staff. Mr. 
Heron has had very broad experience in the development of 
satisfactory air-cooled airplane engines both in England and 
this Country. He will set forth certain design recommenda- 
tions from his experience that are applicable to passenger- 
car engine design. The paper will carry appendices by C. F. 
Taylor on the testing of air-cooled engines and by E. H. 
Dix, Jr., on the foundry and metallurgical problems of the 
air-cooled cylinder. Prof. E. H. Lockwood will read the other 
paper in this session and will present data and empirical 
formulas on the Cooling Capacity of Automobile Radiators. 
Thus the two opposing methods of engine cooling will be 
touched upon in this session. 

Herbert Chase has written a comprehensive paper on 
Steering and Steering Gears that follows in plan his com- 
mendable paper on Clutches. He will include a very com- 
plete analysis of the conditions responsible for front wheel 
wobble. 

A paper on the lubrication of pistons and cylinder walls, 
by A. Ludlow Clayden, will also be presented at this session. 

It should be apparent to any one studying this program 
of valuable papers that attendance at the forthcoming Annual 
Meeting will result in material benefit to him. The tech- 
nical sessions may be likened to post-graduate lectures on 
automotive engineering designed to keep the engineers in the 
industry informed of the very latest scientific advances in 
the art. The standard of papers maintained at the Society’s 
national meetings has resulted in the raising of its pro- 
grams to the highest plane. Engineering authorities, re- 
search laboratories, educators and scientific men look upon 
these meetings as logical forums for the presentation of 
their research data. The supply of papers was so great this 
year that it became necessary to close the Annual Meeting 
program in September. This reflects a very healthy condi- 
tion so far as the continuing success of the technical activi- 
ties of the Society is concerned. 

Arrange NOW to be in New York City, Jan. 9 to 12! 


THE CHICAGO SERVICE MEETING 


HE Chicago Meeting of the Society will be held during 

Chicago Show Week on Wednesday, Jan. 31. Morning and 
afternoon technical sessions are being arranged by a local 
committee headed by B. S. Pfeiffer. The papers and discus- 
sion will be confined to vehicle operation and maintenance, 
particular attention being given to the work of the service- 
station. The speakers selected will be men either operating 
large service-stations or responsible for the maintenance of 
large fleets of vehicles. The program of papers will be an- 
nounced in the January issue of THE JOURNAL. 
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COMING SECTIONS MEETINGS 
Will Be Found Described in This Issue of THE JOURNAL on p. 564 
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The Chicago Dinner will be held on the same evening. 
Here again, automotive service will be the major topic. The 
arrangement of the Dinner program is vested in a Chicago 
Committee of which Taliaferro Milton is chairman. Definite 
plans will be announced later. 

It is anticipated that reduced railroad-fare concessions can 
be secured from points in the automotive territory for the 
benefit of members attending the Chicago Meeting. Watch 
for definite announcement regarding this in an early issue 
of the Meetings Bulletin. 
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Research ‘Topics 


December, 1922 


and Suggestions 


HE Research Department plans to present under this heading each month a topic that is pertinent to the 

general field of automotive research, and is either of special interest to some group of the Society member- 

ship or related to some particularly urgent problem of the industry. Since the object of the department is to uct 

as a clearing-house for research information, we shall be pleased to receive the comments of members regarding 
the topics so presented, and their suggestions as to what might be of interest in this connection. 


SPRINGING AND COMFORT 


UCH has been written of late, both here and abroad, on 
4 the subject of springing and riding qualities, but most 
of the literature passes over one phase of the subject that is 
certainly of major importance, namely, the physiological 
effects produced by the action of the vehicle upon the aver- 
age person. The subject has received some general consider- 
ation, to be sure. As early as 1907, F. W. Lanchester made 
a statement, which may be found in the Proceedings of the 
Institution of Automobile Engineers,’ to the effect that a 
period of vibration longer than 90 to 100 oscillations per 
min. is comfortable, while a shorter period is uncomfortable; 
he does not state, however, what is the basis for this conclu- 
sion. Comfort in railroad travel is discussed in a paper by 
Georges Marie in the Revue Generale des Chemins de Fer’; 
the author of this article, however, deals with the comfort 
of invalids rather than that of normal passengers. In the 
Proceedings of the Institution of Automobile Engineers,’ 
there is a discussion by a number of engineers as to whether 
it is the acceleration or the rate of change of the acceleration 
that is felt by the passenger. Nowhere in the literature do 
we find an attempt to make an analysis of the relation be- 
tween vehicle performance and riding comfort. There are 
certainly various features of performance that affect the 
average person favorably or unfavorably. Probably not all 
people are sensitive to the same characteristics, or in the 
same degree. The fact remains, however, that the so-called 
riding qualities of different cars are remarkably different, 
and that the degree of fatigue experienced on long trips is 
very different for different vehicles. 

If spring-suspensions and vehicle design in general are to 
continue to improve as regards comfort, it is important to 
know definitely what constitutes comfort, and this should be 
known as regards the average person. We shall confine this 
discussion entirely to the mechanical treatment that the 
passenger receives from the vehicle, omitting such questions 
as quietness, visibility and temperature, as well as driving 
qualities as distinct from riding qualities. 

Most engineering problems are extremely complex, pre- 
senting many variable factors. Experimental attack on any 
problem, however, requires that it be expressed in reason- 
ably simple terms and that the variables be reduced to a 
very few. The problem in hand is no exception. The pos- 
sible motions of a vehicle are infinite in amplitude, period 
and direction. Yet, to be susceptible of experimental study, 
they must be classified and expressed in reasonably simple 
terms. We believe this can be accomplished to some extent 
and some suggestions along this line are given in the follow- 
ing paragraphs. Moreover, the experimenter almost always 
works on some hypothesis, which, however, he must always 
remember is only a hypothesis until proved a fact. We shall 
venture to suggest a few hypotheses. 

If a vehicle were traveling at a uniform speed in a straight 
line, the occupants would be entirely unaffected by the mo- 
tion; only movements of the vehicle that are departures from 
uniform straight-line motion produce reactions that can 
affect him. We may therefore neglect the uniform forward 
velocity and consider only such motions as are superposed 


'See Proceedings of the Institution of Automobile Engineers 
(190748), p. 132. 


*See Revue Generale des Chemins de Fer, May, 1907, p. 249, and 
June, 1907, p. 367. 
*See Proceedings of the Institution of Automobile Engineers, 


vol. 7, p. 75. 
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on this. Considered in this way, the chassis and body have 
six degrees of freedom; they can have translations in each 
of three directions and can rotate about three axes, within 
the limits of motion imposed by the springs, the road, and 
other limiting factors. The only three axes of translation 
and rotation that can be chosen logically in this instance 
are the longitudinal axis of the vehicle; a transverse axis at 
right angles to it, and a vertical axis. 

Bearing in mind that uniform motion in a straight line 
does not have any reaction on the passengers, and therefore 
considering only those motions of the vehicle that are a de- 
parture from this condition, the possible motions are some- 
what as follows: 


(1) Motions of translation in the direction of the axis, 
the result of acceleration or deceleration from en- 
gine power, brakes or road grades or shocks 

(2) Vertical motions due to road-surface irregularities 
and grades, to which attention is usually confined 
in considering spring action 

(3) Transverse motions mainly due to curves in the 
line of travel 

(4) Rotary motions about the longitudinal axis of the 
vehicle, due to inequalities in the road from side 
to side, or to irregular engine-torque 

(5) Rotary motions about a transverse axis, or “pitch- 
ing’? due to road-surface irregularities 

(6) Rotation about a vertical axis that occurs in driv- 
ing around curves 

So much for the direction of transverse and rotary mo- 

tions. As for the character of these motions, they may be 
of almost infinite variety, from the gradual acceleration on 
speeding-up smoothly from a low to a high speed, to the in- 
tense shock produced by striking an obstruction in the road, 
but they have one feature in common; they are all felt by 
the passenger as pressures applied at some part of his body. 
These pressures are proportional to the accelerations that 
are imparted to the passenger, but it is probable that the 
duration of these pressures or the rate at which they change 
has as much to do with the sensations produced as does the 
magnitude of the pressures. The duration is certainly of 
importance because, if the pressure be applied for a very 
short time as, for example, when the displacement is very 
small, as when striking a small road irregularity, the 
passenger is subjected to only a sort of surface effect, while, 
if the displacement be greater or the pressure applied for 
a longer time, as when passing over a considerable bump in 
the road, the motion is felt internally as well as externally. 
In the normal operation of vehicles, the kinds of motion 
that occur in the different degrees of freedom are decidedly 
different. 


(1) Horizontal motions in the direction of driving are 

of two distinct kinds 

(a) Accelerations or decelerations due to engine 
power or brakes. These motions are of 
relatively long period and of moderate in- 
tensity. The average car has on direct drive 
an acceleration under one-tenth that of 
gravity; hence the occupant is seldom sub- 
jected to a horizontal force much exceeding 
one-tenth of his weight in acceleration. In 
braking, the force in the other direction may 
be considerably greater, but such violent use 
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(2) 


(3) 


(4) 


(6) 


* See 
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of the brakes is hardly a common occurrence, 
or should not be 

(b) The other class of motions are those due to 
inequalities of road surface and resulting 
component of impact in a horizontal direc- 
tion, since the effect of striking a small ob- 
struction is to produce only a small change 
in a relatively high velocity and, since the 
effect is also combined with a marked vertical 
motion, the effect of the horizontal com- 
ponent of these forces often has been over- 
looked. A paper by H. M. Crane, entitled 
A New System of Spring-Suspension for 
Automotive Vehicles,* discusses this point. 
If tests were made with a vehicle at rest on 
a moving bumpy road, doubtless this effect 
would be more generally recognized. Most 
spring-suspensions have no cushioning effect 
whatever in the horizontal direction; it is left 
to the tires to absorb such shocks. The 
forces transmitted to the occupants of the 
car in a horizontal direction would probably 
be found to be unexpectedly large if adequate 
measurement of them were made. A few 
measurements have been made 


Vertical displacements are, of course, generally 
considered the most important. It is these that 
are considered almost exclusively in spring design. 
So much has been said and written on this subject 
that it is necessary here only to call attention to 
the fact that one class of motions that is usually 
not included in the discussion of spring action may 
have an unexpected importance, namely, the very- 
short-period vibrations of parts of the chassis due 
to shocks of various kinds. It is said that acceler- 
ation as high as four times that of gravity has 
been measured under conditions where the spring 
deflection could not account for half this acceler- 
ation. Such motions must be of exceedingly small 
amplitude, but they may have great physiological 
importance 


In a properly designed vehicle transverse forces 
probably are confined almost entirely to centrif- 
ugal action due to curvature of the line of motion, 
since there are no important transverse forces 
other than those due to centrifugal force. These 
forces are relatively small and infrequent in 
ordinary driving, and we doubt whether their 
effect on the occupants of the average vehicle is 
of much importance 


The effects of rotary motion about the longitudinal 
axis of the vehicle are recognized as unpleasant, 
whether they be due to “rolling” of the chassis or 
to irregular engine-torque. The former are more 
or less periodic, with a relatively slow period, and 
the latter are of such short period as to have, 
probably, about the same effect as vibrations of 
very short period and small amplitude in any other 
direction 


The pitching motions of a vehicle, or rotations 
about a transverse axis, seem to be in a class by 
themselves. Their period is much more nearly 
uniform than that of any other type of motion 
discussed here, and is of the same order of magni- 
tude for all cars. These motions tend to be 
periodic; in fact, on most roads they seem to be of 
small importance except in vehicles that tend to 
have a distinct resonance period in pitching. The 
physiological effects of this sort of motion may be 
of considerable importance 


Disregarding the centrifugal effects discussed 
above, the rotations that accompany changing 
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direction impart very small reactions on the occu- 
pants of a vehicle and, since these are almost 
independent of the design of the vehicle, they 
hardly need further consideration here 


Having pointed out some of the types of vehicle reaction 
that may irritate or tire the passengers in greater or less 
degree, it is pertinent to ask what can be done about it. In 
the first place, it seems that we should have a satisfactory 
means of observing and recording the actual characteristic 
motions of different vehicles on the usual types of road. This 
would mean a record of the motions or the accelerations or, 
better still, of both of them, with reference to all of the six 
degrees of freedom mentioned above, or at least the first 
five of them. A number of reasonably successful instru- 
ments that have been produced give some of this information, 
but, so far as we know, none of them gives it all at one time. 
An ideal instrument for this purpose should be capable of 
occupying the place of a passenger on the upholstery of a 
seat, as well as of being rigidly attached to the body of the 
vehicle. It should be easily transferable from car to car, 
and should require a minimum of attention. 

Having secured a record of the sorts of motion to which a 
passenger is subjected, the next step would be to find out, if 
possible, which motions are most irritating and which least 
irritating or fatiguing to the average person. It is likely 
that the problem could be attacked after the manner of the 
experimental psychologist by laboratory methods. A “tor- 
ture chair” could be designed to reproduce and repeat any 
type of motion, once we had some suggestion as to what sort 
of motion to try. 

One suggestion along this line comes from the general ex- 
perience of the biologist and the physiologist. This is that 
human beings, in common with other animals, usually, if not 
always, tolerate those conditions to which their race has been 
subjected during the process of evolution and are likely to 
be intolerant or very adversely affected by conditions even a 
little outside the range of racial experience. A suggested 
application to the question in hand, which may not have the 
slightest significance, is as follows: vertical accelerations 
and shocks are natural every-day occurrences in the life of 
the individual. Every step constitutes a vertical shock 
along the vertical axis of the body; hence we might expect 
that vertical motions would not be particularly fatiguing. 
On the other hand, sudden horizontal accelerations are not 
by any means common. It is possible, therefore, that these 
components in the forces to which the occupant of a vehicle 
is subjected might be proved to be of considerable importance 
in the fatigue they produce. 

So far as the mechanical nature of the forces discussed 
above is concerned, there appear to be two classes into which 
they may be divided, although the division is rather arbitrary. 
They are 


(1) Those forces of such short duration or correspond- 
ing to motions of such small amplitude that they 
affect only the surface of the body and do not re- 
act on its system as a whole. The effect of these 
should be reasonably independent of the direction 
in which they are applied, whether horizontally or 
vertically, although their effects on different parts 
of the human body may be very different 

(2) Forces of longer duration which have an effect on 
the entire system, probably depending very much 
on the direction in which they are applied 


Looking at the whole problem in a general way, it appears 
that the advance which has been made in riding qualities 
has been very largely a matter of natural selection. There 
are not even yet any entirely satisfactory principles of de- 
sign that apply specifically to comfort of riding. It seems 
that such general principles might be developed through 
systematic research. The problem is one, the solution of 
which should appeal to some of our universities and technical- 
school laboratories in view of the several distinct phases that 
could be taken up more or less independently and of the 
opportunities it offers for training in applied mathematics 
and analytical mechanics. 
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WORK OF THE 1922 STANDARDS COMMITTEE 


HE acceptance of the reports of the various Divisions 

of the Standards Committee at the meeting on Jan. 9, 
1923 will complete the work of the 1922 Standards Commit- 
tee of the Society. The personnel of the 1923 Standards 
Committee will be appointed at a meeting of the Council 
to be held during the Annual Meeting. As, from year to 
year, a large majority of the Standards Committee members 
are reappointed, the 1923 Divisions will be able to carry on 
the current work of the Divisions without any loss of time 
or interest. 

As at present organized, the Standards Committee con- 
sists of 9 automotive and 18 parts and materials Divisions 
as listed below. 


AUTOMOTIVE DIVISIONS 


Motorboat Division 
Motorcycle Division 
Passenger-Car Division 


Aeronautic Division 
Agricultural Power- 
Equipment Division 
Electric Vehicle Division Stationary-Engine 
Isolated Electric-Lighting Division 
Plant Division Truck Division 
PARTS AND MATERIALS DIVISIONS 
Axle and Wheels Division Non-Ferrous Metals 
Ball and Roller Bearings Division 
Division Parts and Fittings 
Chain Division Division 
Electrical Equipment 
Division 
Engine Division 
Frames Division 
Iron and Steel Division 
Lighting Division 
Lubricants Division 
Nomenclature Division 


Passenger-Car Body 
Division 

Radiator Division 

Screw-Threads Division 

Springs Division 

Storage-Battery Division 

Transmission Division 


As indicated by their names, the Automotive Divisions 
represent the various automotive industries and the Parts 
and Materials Divisions the various parts and materials in- 
dustries supplying one or more of the automotive industries. 
The total membership of the 1922 Divisions and Subdivisions 
is 419, the Division members numbering 293; and the Sub- 
division members 274, whom, however, 148 are also mem- 
bers of one or more of the Divisions. Over 90 Subdivisions 

he vear to handle the more impor- 
tant subjects before the Divisions. 

The work involved in the formulation of the Division 
reports may well be appreciated from the fact that 46 Divi- 
sion meetings and over 15 Subdivision meetings were held 
during the year. The number of Subdivision meetings is 
not defi: tely Known as many are -alled by the Subdivision 


were appointed during t 


chairman instead of by the Society office as in the case of 
Division meetings 

Although the Division reports submitted at the June meet 
ing of the Standards Committee and the reports appearing 
on p. 529 of this issue, which will be acted upon at the 
January meeting of the Standards Committee, represent 
the completed work of the 1922 Standards Committee, 
large number of other subjects have been under considera 
tion during the year. Many of these subjects were being 
studied | ! he life of the present Standards Commit- 
tee, their nature being such that it has been found impos- 
sible to approve definite recommendations at this time. Other 
subje hav be issigned the different Divisions 
recent! 

The accompanying list of the subjects that have been as- 
signed to the various Divisions of the Standards Committee 
is therefore given in order that the members may appre- 

iate the large amount of work in progress and ascertain 
if any of the subje are of special interest to them. Re- 
ports as to the prog? on these subjects are published in 
the monthly articles 1 current standardization, but the 


Standards Department stands ready to supply anyone with 


- 
r 
. 


more detailed information if desired. The majority of sub- 
jects listed have been referred to Subdivisions, the chairmen 
of which will be glad to receive any suggestions or assistance 
in connection with their work. 

Subsequent to the consideration at the Standards Commit- 
tee meeting of the definite Division reports, printed on p. 
529 of this issue, progress reports may be submitted by 
Division chairmen on some of the more important subjects 
among those listed hereinafter. 

Although 51 subjects have been assigned to the Aero- 
nautic Division, they are not listed herein as conditions in 
the aeronautic industry have not warranted recent stand- 
ardization activity. 


AGRICULTURAL POWER-EQUIPMENT DIVISION 


Tractor Belts and Pulleys 
Tractor Plowing Speeds 


Tractor Rating 
Tractor Testing Forms 
AXLE AND WHEELS DIVISION 
Differential Gears 
Wire-Wheel Spokes 
BALL AND ROLLER BEARINGS DIVISION 
Annular Ball Bearings, Roller Bearings, Metric 
Wide Type Type 
Roller Bearings, Inch Shaft and Housing Fits 
Type and Tolerances 
Thrust Ball Bearings, Inch Type 
CHAIN DIVISION 
Roller-Chain Sprocket- 
Cutters 
ELECTRIC VEHICLE DIVISION 
Battery Trays for Electric 
Trucks 
Charging Plugs and 
Receptacles 


Brake-Drums 


Roller Chains 
Roller-Chain Sprockets 


Lamp Bulbs for Electric 
Vehicles 

Storage-Battery Tray 
Terminals 

ELECTRICAL EQUIPMENT DIVISION 

Automobile Wiring 

Cable Clips 

Cable Terminals 

Flexible Conduit 


Generator Through-Drive 
Shafts 

Insulated Cable 

Magnet Wire 
Rubber Bushings 

ENGINE DIVISION 

Crankease Drain-Plugs 
Engine Numbers 
Engine Testing Forms 
Fan-Belts and Pulleys 


Motorcycle Carbureter 
Flanges 

Poppet Valves 

Starting-Cranks 


FRAMES DIVISION 


Motor-Truck Frames Passenger-Car Frames 


IRON AND STEEL DIVISION 
Cast Iron Sheet Steel 
Chemical Compositions Specification Numbers 
General Heat-Treatments Structural Stee] Tubing 


LIGHTING DIVISION 


) 


Bases, Sockets and 

Connectors Motorboat Li 

Focusing Mechanisms Equipment 
Tail-Lamp Illumination 


Lamp Glasses 


rhting 


LUBRICANTS DIVISION 


Cup Grease Transmission Lubricants 


MOTORBOAT DIVISION 
Engine Testing Forms 
Exhaust-Manifold Nomenclature 
Connections Tachometer Drives 
Control Levers Trial Performance Forms’ 
Stuffing-Boxes 


Engine Couplings 


~~ 
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NOMENCLATURE DIVISION 


Power Farming 

Stationary-Engine 
Operation 

Water Transport 


Aeronautics 
Highway Transport 
Industrial Service 
Motorcycling 


NON-FERROUS METALS DIVISION 


Brass Alloys Wrought Non-Ferrous 
Bronze Alloys Alloys 


Specification Numbers 


PARTS AND FITTINGS DIVISION 


Brake-Lining Felt Specifications ° 
Cotter-Pins License-Plates and 
Fuel and Lubrication Brackets 


Pipe-Fittings Radiator Hose 


Wire Mesh 
PASSENGER-CAR DIVISION 
Brake Tests Car-Performance Tests 
Frame Numbers 
PASSENGER-CAR BODY DIVISION 
Body Nomenclature Nickel-Plating 
Door Hinges Upholstery Leather Rolled 
Sections 


SCREW-THREADS DIVISION 


Bolts Screws, Bolts and Nuts 
Gages and Gaging Screw-Thread Practice 
Rivets Tire Valves 


SPRINGS DIVISION 
Definitions Center-Bolts 
Leaf-Spring Nomenclature Spring Specifications 
Motor-Truck Springs Tests for Parallelism of 
Passenger-Car Springs Spring-Eyes 


STATIONARY-ENGINE DIVISION 


Connecting-Rods Poppet Valves 
Crankshafts Stationary-Engine Belt 
Piston-Rings and Grooves Speeds 


TRANSMISSION DIVISION 


Clutch Standardization 


Transmission Tire-Pump 
Clutch Facings 


Mounting 
TRUCK DIVISION 
Motor-Truck Rating Power Take-Off Shaft- 
Ends 


THE SOCIETY'S STANDARDIZATION 
PROCEDURE 


T is the function of the Society’s Standards Committee to 

formulate, if feasible, standards and recommended prac- 
tices that will simplify and coordinate routine and engineer- 
ing practice on all subjects assigned to it by the Council. To 
facilitate the work, the Standards Committee is resolved 
into 27 Divisions, each being representative of a particular 
branch of the industry. 


PERSON NEL 


The Standards Committee is presided over by a chairman 
and two vice-chairmen. Each Division has a chairman and 
one vice-chairman. The Standards Committee and Division 
chairmen are designated by the President of the Society, the 
other personnel of the various Divisions being appointed by 
the Council. In addition to the Division personnel, Sub- 
divisions are appointed to formulate tentative reports cover- 
ing important subjects that are under consideration, the 
Subdivision members being appointed by the Division chair- 
men. The Subdivision chairmen are usually members of the 
Divisions to which the Subdivisions report, but other Sub- 
division members are selected from the industries at large 
to assure the assistance of the best-qualified men in each 
particular field. 

Members of the Standards Committee need not be neces- 
sarily members of the Society, such committee members be- 
ing known as conferees and having all the privileges of 
regular committee members except that of voting. In select- 
ing members of the Standards Committee importance is 
placed on obtaining men of broad experience and so far as 
possible familiarity with standards work. Many of them 
naturally are associated with the older and better-known 
companies, but they are selected for their personal qualifi- 
cations. 


INITIATION AND PROCEDURE 


The assignment of subjects to the various Divisions is 
generally based on requests that have been received from 
members of the Society or the industry directly affected. 
Subjects are not assigned by the Council unless their stand- 
ardization is considered feasible as well as desirable. Upon 


assignment to the proper Divisions, the various matters are 
studied with relation to the limiting phases within which 
standardization can be accomplished and the probable re- 
quirements of the industry affected. If a subject is involved, 
the features that the standard should embody are outlined 
and an approval of the outline obtained from the companies 
interested. The industries are then circularized for data 
representing current practice and suggestions for consider- 
ation by the Division members. The information is then, as 
a rule, referred to a Subdivision for the formulation of a 
tentative proposal which, when submitted, is referred to the 
industries for comment. The tentative proposals, together 
with the comments received, are then referred to the Divi- 
sions, and revised to meet all valid objections which may 
have been made. The Division recommendations are then 
printed in THE JOURNAL prior to consideration of them at 
the next meeting of the Standards Committee. 

Division reports may be approved only by the Standards 
Committee at regular meetings held semi-annually or at 
special meetings called by direction of the Council. These 
meetings are open to Society members and non-members 
alike. The reports are discussed and may be approved as 
submitted or in revised form or referred back to the respec- 
tive Divisions for further consideration. After Standards 
Committee approval the reports go to the Council and if 
approved are acted upon at a regular business meeting of 
the Society. The reports may be amended at these meetings 
but are usually approved as submitted. The reports are 
then submitted to the voting members of the Society for 
adoption by letter ballot, a majority of the votes cast being 
necessary to make the recommendations official S.A.E. 
Standard or Recommended Practices. The results of the 
letter ballot are referred to the Council, and in case a recom- 
mendation encounters several negative votes supported by 
sound engineering reasons, the Council may withhold its 
publication in the S.A.E. HANDBOOK until the reasons sub- 
mitted shall have been reviewed by the Division making the 
recommendation. 

Although the regulations provide that a majority of votes 
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Motor-Vehicle Head-Lamps and 
Road-Lighting 


By R. C. Gowpny'! anno J. G. BaALstLuir? 








INCE headlight lenses and other dispersing devices 

mainly perform a secondary function in taking the 
light from a parabolic reflector and redistributing it 
and because more effective road-lighting is necessary 
to compensate for the increase in the average speed of 
driving and in the congestion of traffic, the authors 
state that a direct solution of the problem lies in modi- 
fying the reflector so that the light is distributed prop- 
erly at its first reflection and lenses or secondary de- 
vices are rendered unnecessary. 

The consensus of opinion of many motorists regard- 
ing the proper degree of illumination is stated and 
light-distribution experiments are described. Types of 
reflector and the amount of light-distribution desirable 
are discussed, an exposition being given also of the 
corrugated reflector and the merits and demerits of 
hyperbolic and parabolic basic curvatures. The sub- 
ject of light concentration is given brief considera- 
tion. 


ITH the rapid increase in the use of motor 
W\ vehicles, the providing of adequate and safe 

road-lighting for night driving has become an 
acute problem. The acetylene lamp was displaced by 
electrical equipment because of the inconvenience of 
using acetylene, rather than on account of any lack in its 
efficiency, and the later developments have been the result 
of efforts to improve the utility of the electric devices. 

So long as motor vehicles were few in number, the 
driver was the one principally to be considered, and the 
parabolic reflector with a bulb of high candlepower met 
his not too exacting requirements. But when an ap- 
proaching vehicle ceased to be a rarity, protection from 
glare became necessary. Various types of shield and 
visor came into use, but these removed the difficulty only 
by removing half the amount of light and were not ef- 
fective unless properly located for the particular focal 
adjustment. 

The increase in the average speed of driving and the 
congestion of traffic demand some more effective lighting. 
To do this many forms of lens and other dispersing de- 
vices have been developed. Nearly all of these, however, 
perform a secondary function in taking the light from 
a parabolic reflector and redistributing it. It is clear 
that a direct solution of the problem lies in modifying 
the reflector so that the light is distributed properly at 
its first reflection and lenses or secondary devices are ren- 
dered unnecessary. 

The development of the corrugated reflector, which 
accomplishes the purpose, dates from experiments that 
were begun in Australia some 5 years ago. The first 
problem was to find out what was required. The con- 
sensus of opinion of many motorists who were consulted 
showed that, as a general rule, they desired an illumina- 
tion of the total breadth of the road at a distance of 
50 ft. ahead of the vehicle, and that the light be distrib- 
uted along the road from about 20 to about 150 ft. ahead. 


' Professor of physics, University of Cincinnati, Cincinnati. 


2Director general of the radio telegraphs for the Australian 
Government, Melbourne, South Australia. 
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A simple sketch of such an illuminated road area shows 
that the cross-section of the beam of light must be de- 
cidedly elliptical, with a much greater horizontal breadth 
than vertical depth. This shape cannot be obtained from 
a reflector that causes the light to diverge as from a 
point, but some surface must be used that causes the 
light to diverge as if it were coming from a source elon- 


gated horizontally; that is, the reflecting surface must 
be astigmatic. 


LIGHT-DISTRIBUTION EXPERIMENTS 


The effectiveness of this type of distribution was tried 
with some unexpected results. The projector used for 
the experiments consisted of a powerful light-source and 
two lenses, one spherical and the other cylindrical. With 
these two lenses a fan-shaped beam of light could be pro- 
duced and the depth and spread could be varied by adjust- 
ment of the lenses relative to the source. The projector 
was mounted at a height of 4 ft. above a level road, and 
the apparatus tilted so that no rays were sent above lamp 
level. The apparatus was adjusted so that the roadway 
was illuminated for a distance of 150 yd. and, at this dis- 
tance, for a breadth of 58 yd. 

It was thought that, with this arrangement, road-illu- 
mination from a motorist’s viewpoint would be perfect; 
but such was not the case. The sharp upper boundary of 
the beam cut-off the upper portions of pedestrians and 
vehicles, and the observer’s eyes, being unaccustomed to 
such fragmentary appearances, were unable to recog- 
nize the obstructions properly. Another interesting ef- 
fect was noticed, in that, when pedestrians walked 
straight away from the projector, distinct visibility for 
those behind the-projector ceased at about 65 yd., al- 
though the pedestrian could still see clearly at that dis- 
tance for an additional distance of 150 yd. When the 
road-light up to 65 yd. was dimmed by the use of screens, 
the range of visibility for observers behind the projector 
was increased to 170 yd. From this it was concluded 
that the light reflected from the brilliantly illuminated 
foreground produced a glare which interfered with the 
vision of an observer stationed behind the projector. 

These experiments indicated clearly the general type of 
distribution that would prove successful, but they also 
brought out the danger attending the sharp upper cut-off 
of the beam. Clear resolution for the driver requires 
that the upper parts of vehicles and pedestrians be illu- 
minated, but such illumination usually means that those 
approaching the light will be dazzled. A practical solu- 
tion of this difficulty does not seem possible without elab- 
orate optical devices. The best that can be done is to 
allow as much light above the lamp level as can be had 
safely without blinding those who approach. 

Many experiments have been carried on, both in this 
Country and abroad, to determine the intensity of light 
that produces glare. Estimates by various observers dif- 
fer widely, but it is significant that observers who per- 
mit an abnormally high intensity without experiencing 
glare are usually found to have astigmatism. When this 
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error is present in the eye, a point source of light is not 
focused sharply but is spread into an elongated spot in 
the direction in which-the defect occurs. Conversely, for 
a normal eye, an astigmatic source or one from which 
the rays appear to come from an extended region, may 
not produce glare at a given intensity when a point source 
of the same apparent intensity does produce this effect. 
TYPES OF REFLECTOR 

With these experimental facts as a basis, the original 
corrugated reflectors were made by forming a parabolic 
reflector with fine vertical stripes, using 12 or more per 
in. Each of these small stripes was considerably curved 
in section to produce the necessary spreading of the light. 
The very large number of beams projected by such a re- 
flector causes a soft diffusion of the light and practically 
eliminates glare. Reflectors of this type are much in use 
abroad but, until the present, they have not been avail- 
able in this Country because of our more strict legal 
specifications and certain difficulties attending quantity 
production by American methods. After more than a 
year of intensive research, development and experimenta- 
tion, these difficulties have been overcome and the Amer- 
ican model of the corrugated reflector, illustrated in Fig. 
1, has gone into production. 

In adapting the principle of corrugation, two points 
must receive consideration; first, that the distribution of 
the projected light comply with the strictest legal require- 
ments in force in any State and, second, that a satisfactory 
driving light be produced. At present, the specifications 
adopted by the Illuminating Engineering Society and the 
Society of Automotive Engineers seem to be at once the 
most exacting and the most generally adopted for the con- 
trol of roadway illumination. These specifications stipu- 
late the apparent candlepower that must be provided in 
certain angular directions in front of the vehicle. Their 
purpose is to insure adequate light and, at the same time, 
to prevent excessive glare to approaching machines or 
pedestrians. It does not follow, however, that a head- 
light that complies strictly with these regulations will 
necessarily provide satisfactory road-light or be free 
from glare, since the desirability of a light depends upon 
many other considerations than simply its candlepower 
at a few specified points, and the sensation of glare is 
not due simply to high apparent candlepewer, but also 
depends upon the illuminated area that is responsible for 
this apparent intensity. 
perhaps the best that been produced and, al 
though they probably will be subject some slight modi- 
fications in the future, they provide a fairly 
code for testing lighting devices of widely 


The specifications mentioned are 
have yet 


satisfactory 
differing 
It has been our experience, in testing many different de 
signs of reflector and lens, that those which provide a 
satisfactory road-light do as a rule 
although 


with these requirements are not altogether satis 


types. 


specifications, many devices that do comply 
strictly 


factory. 


It has been found that there is a wide difference « 
opinion as to what distribution of light is most desirable 
for road-lighting. This difference of opinion arises fron 
three sources, the idiosyncrasies of the driver, his habit 
ual speed and the character of road vhich he ge 
erally drives. Some drivers prefer the oh , 
the vehicle and some prefer it at a greater dist 
some prefer a very wide spread of illumination, and 
others are content with a narrower } way. A light 
that is satisfactory on a white road will be found e1 
tirely inadequate on a dark surfac nd any road pre 
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sents an extremely difficult problem of illumination whe) 
it is wet. 

A light that is satisfactory for low speeds will be found 
unsatisfactory at high speeds, and it seems improbable 
that sufficient light can be provided for safe driving at 
speeds greater than 30 m.p.h. without the use of such 
powerful beams that glare is almost sure to result. 
After many experiments we have found that about 25 
deg. of horizontal spread meets with general approval, 
that more than 20,000 cp. is necessary in the center of 
the beam and that smoothness of distribution and ab 
sence of any sharply defined bright areas are of greate 
importance. A sufficient length of road for average con- 
ditions will be illuminated by a beam that has a vertical 
depth of 6 to 7 deg. in the center and 3 to 4 deg. toward 
its sides. For the protection of the on-coming driver 
and pedestrian, it is essential that the cut-off across the 
top of the beam be curved downward at the side and, 
since the driver generally desires the light to come nearer 
the vehicle in the middle of the road than at the sides, 
this same contour is most satisfactory for the bottom of 
the beam also. 

As a result, it appears then that the ideal beam should 
be somewhat elliptical in shape with a gradual increase 
in its candlepower toward the center. So far as the 
driver alone is concerned, it would perhaps be more de- 
sirable to throw the maximum candlepower near the top 
of the beam where it would be effective at a greater dis- 
tance from the vehicle; but such a distribution is dan- 
gerous for the on-coming driver, since the pitching of 
the vehicle will then throw this high intensity above the 
lamp level and cause blinding flashes in the eves of those 
approaching. It seems advisable, therefore, to protect 
the on-coming driver at some slight expense in distant 
road-lighting. 

CORRUGATED REFLECTORS 


The development of corrugated 


Apc 


reflectors 
the configuration of parabolic surfaces. 


began witl 
If a point source 
be placed at the focus of a simple paraboloid such 
commonly used in headlights, a beam of parallel rays of 
the diameter of the reflector would be projected. Wit! 
a source of finite size, such as the filament of a lamp bulb, 
it is no longer possible to obtain a parallel beam, but the 


as Is 


reflector will project a divergent beam whose spread de- 


pends on the size of the filament. The 
at present produce 


filaments in use 


a cone of rays of about 4-deg. diver 
gence. 
If the paraboloid 
rrugation Willi De spread into a broad ned cone, DU ne 
; bed ; ‘ ee 
spreading will in the plane at right 


th AD, if 
1} 


tne corrugation; tnat 
° ; t , + e | 5} 
reflected from it still will 


1: 1 


, ; 
be corrugated, the light from eac} 


] ] + 
occur Only angies to 


the corrugation is vertical, 


the light have the same verti 


cal depth of beam that wi uld be projected from the « 


1 
sponding portion of the simple paraboloid, but horizo 


tally the beam might be distributed 


over 


uch a beam is astigmatic; the rays that compose it d 
a point, but from an elongated image 


+} . 1] 4 
ne source. All ne 


overlap} ing fan-shaped beams, the centers of which r¢ 


corrugations on a parabola 1 


ister one over the other. 
The amount of horizontal spread that will be produced 


ion depends upon its 


distance from the 


corrugat 


width, Cl 


. : P 
lire and source and, if the wi 


be chosen arbitrarily, light 


the distribution of the pro 
jected by the reflector still can be controlled by the curva- 

The width of the stripe 
chosen for appearance, ease of production and control of 
diffused light since, in general, the larger the numbe. 


of stripes is, the the amount of light diffused 


; e 1 +0} aan t OE | 
ure of tne stripes. Wil € 


¢ 


greater 


Vol. XI 


December, 1922 No. 6 





MOTOR VEHICLE HEAD-LAMPS AND ROAD-LIGHTING 559 


from them will be. The stripes can be made either con- 
cave or convex, as convenience of design or manufacture 
may demand. If the corrugations are convex, the light 
reflected from them will be diverging; if concave, the 
curvature may be chosen to give either continuously di- 
verging beams or beams that first converge and then 
diverge. 

The distribution of light obtained with the concave 
stripes that give convergent, diverging beams is shown 
in the photometric chart, reproduced in Fig. 2. This 
chart shows the apparent candlepower at the various 
points in the field. The point A is at lamp level and 
directly in front of the vehicle, and the other points are 
located by their angular positions as they appear when 
looking forward from the vehicle. The contour lines in 
the left half of the field are lines of equal candlepower of 
the values 1000, 2000, 5000 and 15,000 cp. respectively. 
This reflector gives a very intense beam with 15 deg. of 
horizontal spread. Such a distribution is favored highly 
by those who are accustomed to drive at high speeds on 
dark-surfaced roads, but is not particularly desirable for 
city driving, nor on rough roads where the speed must be 





Fic. 1—TYPpeE OF CORRUGATED REFLECTOR 
PRODUCED IN AMERICA 


reduced and the pathway continually shifted. Many other 
designs embodying stripes of various widths and curva- 
tures were prepared and satisfactory road-lighting was 
obtained, but it was found that all of these reflectors had 
very critical focal adjustment and generally insufficient 
vertical depth of beams. The critical focal adjustment 
and the lack of vertical depth are inherent defects of the 
parabolic form as a basic curvature for the reflecting 
surface. The vertical spread from the parabola is due 
entirely to the fact that the filament of the lamp has 
finite size, and the top and bottom of the beam are pro- 
jected by the central portion of the reflector, while the 
center of the beam comes fror1 the outer portion of the 
reflector. Any displacement of the filament affects the 
outer portions of the beam very much more than it does 
the center of the beam, since the change in angular posi- 
tion of the filament with respect to the center of the re- 
flector is greater than the corresponding change for the 
edge of the reflector. Consequently, any displacement 
of the lamp will greatly affect the cut-off of the beam, 
and any irregularities near the apex of the reflector will 
tend to produce undesirable stray rays. To obviate these 
inherent difficulties of the parabola, the basic curvature 
of the reflector was changed to the hyperbolic form. The 
hyperbola permits much greater flexibility of design and 
affords a greater control of projected light. 


HYPERBOLIC VERSUS PARABOLIC REFLECTORS 


The hyperbolic surface projects a divergent beam. Its 
divergence is determined by the major axis, the focal 
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Fic, 2—PHOTOMETRIC CHART SHOWING THE DISTRIBUTION OF LIGHT 
OBTAINED WITH THE CONCAVE STRIPES 


Where Three Sets of Figures Are Given for a Point the Middle One 
Is That Obtained in the Test While the Upper and Lower Figures 
Represent Respectively the Maximum and Minimum Called for by 
the Lighting Specifications. Where Two Figures Are Given the 
Upper Figure for Points Above the 0-Deg. Line and the Lower 
Figure for Points Below This Line Indicate the Requirements of the 
Specifications. The Other Figure in These Cases Represents the 

Value Obtained in the Test 
length chosen and the diameter of the reflector. In the 
hyperbolic reflector the axial rays are projected by the 
central portion of the reflector and the more divergent 
rays by the outer portions in succession to the edge of 
the reflector. In the parabolic reflector all of the stripes 
throw the beams that register almost exactly, one over 
the other, while in the hyperbolic reflector there is a dis- 
placement of the beam from each successive stripe to the 
right and left. This failure of the beams to register 
causes a patching-up of any irregularities in distribu- 
tion rather than their accentuation, as in the case of the 
parabola. The shape of the cut-off from the hyperbolic 
reflecter is essentially elliptical, but minor alterations in 
form and in the distribution of the light laterally can be 
obtained through proper curvature of the stripes. As 
has been mentioned, the control of the distribution at the 
top and bottom of the pattern is more readily obtained 
with the hyperbola than with the parabola, since these 
regions are affected by the end portions of the stripes 
rather than the center portions, and ‘these end portions 
are more readily controlled in manufacture than the cen- 
ter of the reflector. 

The hyperbolic forms chosen for the standard sizes of 
reflector have the same diameters as the parabolas and 
are slightly shallower and of somewhat shorter focal 
length. The focal length is shortened from 0.03 to 0.04 
in. to make the hyperbola conform to the standard dimen- 
sions of lamp bodies. Curiously enough, these hyper- 
bolas are somewhat similar in shape to parabolas of 
slightly greater focal-length than the standard parabola. 
Hence, a solid beam of light will be projected from a 
source placed anywhere between the actual hyperbolic 
focus and the focus of a parabola of similar dimensions. 
This means that the device possesses considerable lati- 
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Fic, 3—CHaART GIVING THE RESULT OF TEST MADE WITH A HYPER- 
BOLIC REFLECTOR 


Where Three Sets of Figures Are Given for a Point the Middle One 
Is That Obtained in the Test While the Upper and Lower Figures 
Represent Respectively the Maximum and Minimum Called for by 
the Lighting Specifications. Where Two Figures Are Given the 
Upper Figure for Points above the 0-Deg. Line and the Lower 
Figure for Points below This Line Indicate the Requirements of the 
Specifications. The Other Figure in These Cases Represents the 
Value Obtained in the Test 
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tude of focal adjustment within which a passabiy satis- 
factory beam will be projected. There is, of course, a 
most desirable adjustment with the hyperbola, but failure 
to produce such an adjustment is not attended by such 
evidently undesirable results as will be obtained with a 
parabola out of focus by a similar displacement of the 
filament. By slightly shifting the source of light forward 
from the hyperbolic focus, an. increased concentration 
toward the center of the beam is obtained; and, by with- 
drawing the filament toward the apex of the reflector, the 
projected beam is increased in depth and larger portions 
of the light are thrown toward the top and bottom, pro- 
ducing a more uniformly illuminated pattern. Through- 
out this range of adjustment, the general shape of the 
cut-off is not altered nor are any undesirable stray rays 
produced. Thus, within certain limits, the user can pro- 
duce the type of distribution that best suits him by a 
slight alteration of the focal adjustment of the lamps, 
while the essential requirements of legal specifications 
are fulfilled within these limits of adjustment. A char- 
acteristic chart for the hyperbolic reflector is shown in 
Fig. 3. 


LIGHT CONCENTRATION 


It has been found by experiment that the concentration 
necessary for the illumination of dark-surfaced highways 
cannot be obtained readily with a series of stripes of uni- 
form and circular curvature. The production difficulties 
attending the use of special contours in the formation of 
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the stripes make it inadvisable to depart from the circu- 
lar sections where curvature is required. The problem 
of obtaining a sufficient central light has been solved by 
the introduction of another series of narrower stripes 
that retain the basic hyperbolic curvature. By breaking 
up this hyperboloid surface into a number of narrow 
stripes, any contour surrounding the bright portion in 
the center of the light pattern is eliminated and a grad- 
ual blending from the high intensity in the center to the 
dimmer edges is thus obtained. Our experiments on the 
road have shown that an extreme smoothness of distri- 
bution and a gradual change in intensity are of even 
more importance than actual candlepower, and a properly 
distributed beam will give the impression of much more 
light on the road than an improperly distributed pattern, 
even though its maximum candlepower may be very much 
higher, and any marked contours or patterns thrown on 
the road always prove distracting when the light is 
shifted by the jostling of the vehicle. 

It is pointed out that the reflector has a decided and 
inherent advantage over any lens in that the light com- 
ing directly from the lamp without reflection is free from 
the streaked appearance that all lenses produce near the 
vehicle. This is, of course, of little importance in driv- 
ing, but is of marked advantage when parking the ma- 
chine at the curb, because the side light near the vehicle 
shows uniformly and produces no illusion of irregular- 
ities such as may often be occasioned by the directly re- 
fracted rays through lenses. 
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shall be necessary to approve a recommendation, a recom- 
mendation is seldom approved unless the action is practically 
unanimous. The reasons for this are patent, as well-founded 
objections to any adopted recommendation would militate 
against its genera! reduction to practice, resulting in a 
“paper standard” only. 

The time required for the stated procedure varies from 
3 months to in some cases a number of years, depending 
upon the conditions involved. A large amount of office work 
is required in corresponding with the industries and mem- 
bers of the Divisions, arranging meetings and keeping 
progress records. 


S.A.E. HANDBOOK 


Subsequent to the Standards Committee meeting, the re- 
visions of the reports together with the discussions thereon 
are printed in the following issue of THE JOURNAL, the re- 
vised reports as approved being printed in the next issue of 
S.A.E. HANpDBooK of data sheets. It is essential that all 
standards be published in a clear, concise and uniform man- 
ner. This was recognized in the beginning by the pioneer 
members of the Society and its Standards Committee, and 


the present well-known loose-leaf S.A.E. HANDBOOK has 
proved the wisdom of selecting this form of publication. 
Clear detailed drawings with tables and notes are used to 
set forth the standards and recommended practices. A com- 
plete set of the standards goes to all the members of the 
Society, including the new and revised standards issued 
twice a year. The complete Handbook is available to non- 
members of the Society and a single copy of any standard 
may be obtained upon request to the Society. The standards 
are not copyrighted, but it is expected that the Society will 
be given due credit for any of its data reprinted in other 
publications. 

The procedure of revising existing standards is the same 
as when the subjects are originally considered. As such re- 
visions are not published in the S.A.E. HANDBOOK until they 
have been approved by letter ballot of the voting members 
and this procedure usually takes several months, it is well 
for all interested to ascertain whether a standard is under 
revision in case production on a design involving the use of 
a S.A.E. Standard is contemplated. Complete information 
in reference to the current work of the Standards Committee 
is published regularly in THE JOURNAL. 
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two-day session, the first National Production 
Meeting of the Society of Automotive Engineers ; 
that is, the first national production meeting of our great 
automotive industry. What is more natural than that in 
this meeting we should discuss the production man? 
In getting at him and his place in our industry, I be- 
lieve it may be not only permissible, but illuminating, to 
list in their natural order of operation the six main line 
divisions of automotive organization at the plant. 
Given an automobile company, a plant and manage- 
ment, come then: 


A \HERE is more than passing significance in this 


(1) Engineering: Designing, experimenting 

(2) Purchasing: Buying, releasing and follow-up 

(3) Production: Manufacturing, inspecting, assembl- 

ing and testing 

(4) Selling: Advertising, sales, service 

(5) Traffic: A double service; inbound, to serve be- 

tween purchase and production; outbound, to serve 
between the sales department and the company’s 
distributor and dealer customers 

(6) Accounting: A multiple service, serving all of the 

other five departments, as well as the stockholders 
and the management; estimates; costs, direct and 
overhead; accounts; credits, collections, disburse- 
ments and records of results 
These six divisions of work, with a reasonable amount of 
general management sandwiched in between, make up 
the average central operating organization. One cannot 
help but note that five of these six main divisions of the 
work are almost self-defined by their titles. 

Engineering, presenting the design charted in blue- 
prints backed by data and records of tests and opinions 
of other engineers, paints and sells the picture to the 
“Old Man,” the Committee or the Board, with enthusi- 
astic assurance that it is so real a picture that the public 
can be depended upon to joyfully furnish the gold to 
frame it. And if the “Old Man,” be he 25 or 50 years of 
age, buys the picture, we all clearly vision just what pur- 
chasing, selling, traffic and accounting proceed to do as 
their part of the work. 

But production? Of course we can say, “Why, that is 
the manufacturing end of the business,” and let it go 
at that. But it is a broad field and the outlines of its 
territory, its authority and its responsibilities are not so 
easily defined. We do note, however, that this produc- 
tion or manufacturing division of the work requires and 
occupies 80 to 90 per cent of the acres of land and 70 to 
80 per cent of the acres of floor-space which the sales 
and advertising departments boast of, and that it re- 
quires and directs the work of 5, 10 or even 15 times the 
total number of people required by all the other divi- 
sions combined. It needs and uses more kinds of people, 
that is, people in more kinds of trades and training, than 
all the other five divisions combined. 

To head, direct and lead the leaders of the many de- 
partments, trades and groups, appears The Production 
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Man, The Real Manufacturing Man, whose place in our 
industry we are discussing. Before attempting to define 
his status in the industry, let us see what the production 
man must know, or know about, at least in a general way, 
to qualify for his job. He must, above all, be a good 
judge and a just judge of men and a fair and square 
man himself. He must be strong enough to play no favor- 
ites. Surely he must know the general labor conditions 
in the many subdivisions of his own industry, as well 
as in kindred or related industries, whether his factory 
be next door to the factory of its strongest competitor or 
hundreds of miles from it. He must at all times know 
the basic rates and changing labor conditions in his own 
city and the general sentiments of his city. He must 
know in a general way about day-work, piece-work and 
group-bonus systems, as he is the first man that we have 
to sell any new rating-system; he in turn must help sell it 
to his department-heads and they in turn to their em- 
ployes. And he must know in a general way the results 
expected from each one of these systems. 

He must have at least general knowledge about plant 
layout and plant construction. He must know generally 
much more about machinery, plant equipment, electric 
equipment, power transmission, patterns, tools, jigs, dies, 
fixtures and supplies; about ovens and methods of heat- 
ing them by gas, electricity or oil burning. He must 
know generally about electricity for power and light, and 
about air-compressors and air transmission, steam power 
and heating, steam fitting, plumbing and sanitation. 


MATERIALS 


The production man must know something about the 
nature of castings—steel, gray iron and malleable; brass, 
bronze and aluminum alloys, from foundry into machined, 
finished and assembled parts; forgings and their machin- 
ing; heat-treating, hardening, grinding and the like; 
sheet metals, through deep-drawing to stampings, and in- 
cluding nickeled, painted or enameled finish; woods of 
the various kinds and their working; fabrics, carpet and 
leather through their various automobile uses; paints 
and enamels and their processes and results; sub-assem- 
blies, assemblies, finished units and complete-car assem- 
blies and tests; and inspections, yes, endless inspections, 
from the receiving doors on through to the finished 
automobiles. 

The production man must respond in his work to the 
service information from the field. In addition, he must 
be the type of man who can “steady” and lead in a crisis, 
when serious accident, a fire or a strike comes. More- 
over, he must in some way keep in touch with and in 
sympathy with welfare work and the living conditions of 
the employes. 


TRAINING OF PRODUCTION MEN 


No small order, is it? And I have only touched the 
high spots. Is there any such man? Or, rather, are 
there any such men? There are, and more of them are 
coming up through the same long tedious but fascinating 
and always-changing courses of the automobile factory 
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experience-schools. No college and no school can hope to 
deliver any such man as a finished product, ready to func- 
tion. The colleges may be able to give to young men a 
start on such elements of the science of production work 
as are definitely recorded at the time the young men are 
coming through, and it is to be hoped that the schools will 
be frank enough at the close of their courses to apprise 
their young men of the truth, the fact that the theoretical 
or school course has only shown them how to begin to 
start over again by entry in the regular way past the 
employment window of the plant into the only real 
course, a stiff one and a long one, but the most inspir- 
ing and fascinating production course. It requires guts 
as well as brains. The place to look for the coming pro- 
duction man is back along the lines in your plants and in 
ours, for that is where the production man of to-day came 
from. 

Is this production man, who must know broadly about 
so many things, a super-man? Not at all; and, for- 
tunately for him and for the industry, he has never been 
touted as such. And does he do the work or even direct 
it alone? Not at all; no one accomplishes anything alone 
in our complicated and fast-moving industry. The fact is 
that his specially trained assistants and department- 
heads, from the plant engineer, who keeps the physical 
plant in sweet running-condition, on through the divi- 
sions, to and through those who conduct the final car-test 
and inspection, after which the product is turned over to 
the traffic department ready to ship, carry their share of 
the load and responsibility. And the production man, 
their leader, if he be a wise man, is always on the look- 
out in his own plant, and also takes a side-look into other 
plants, your plants, to seek out the production talent that 
is being developed, to help him with the work in hand; 
by going around his job so as to look in at it from the 
human or employe angle, from the service or customer 
angle, from the plant and machinery angles, from the 
material and finished car angles. 


PRODUCTION MAN’s STATUS 


I wonder if we have not shown pretty clearly the status 
of the production man. And it is “some status” now. He 
not only uses most of the land, plant, machinery and 
equipment but constantly demands more, and that he be 
allowed to assist in their selection. He influences and 
controls most largely the hiring and firing, which means 
the pay rates or incomes and the working and living con- 
ditions of far the largest number of people on the job. 
He and his department-heads are the means of convey- 
ing to the workers the standards and character of the 
company. And the workers judge the company accord- 
ingly. He and his department-heads and inspectors af- 
fect, almost more than they realize, the future of the 
company and its success, by the manner in which they 
build, test and inspect every element in the car and the 
finished car itself. 

As to his importance in the industry, he is not much 
concerned; for you and I and he know to which depart- 
ment the head of the house, the Committee or the Board 
naturally turns when there is a mess, a mix-up or a big 
job at hand. Perhaps the production man has been too 
backward in making himself known. But he has been 
too busy on the job. Besides, the spot-light was focused 
elsewhere, turned first on the engineer or designer with 
the great idea, then on the promotion engineer, next on 
the commercial promoter, and then on the star manager 
or sales campaigner, all of whom made good publicity 
during the rapid expansion of the industry. 

But at length, while the production man was being 
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ground and polished through the mill, the real bosses of 
all our jobs, the motor-using public, began to control 
the spot-light and to throw it no longer upon individuals 
nor upon any one or few departments, but upon what we 
all as organizations did to them; upon our product, our 
car; and upon the organization behind that car, as a 
whole. Our bosses, who have found out that there are 
few mysteries, and that personal names and reputations 
perform no miracles and make no cures, will hold this 
spot-light mercilessly upon us all, not as individuals, but 
as organizations, and upon our product. 

If the question, Production versus Design, as to impor- 
tance to our industry, were put up to us, I for one should 
have to vote for production, because I have seen some 
poor designing turned into fairly good cars by produc- 
tion work and refining, and because those companies and 
cars that have had the best production or manufacturing 
attention are strongest and safest to-day. I may be 
prejudiced, as I have lived so many years with produc- 
tion, buying, selling, and with the men on the job. 

But why raise such a question? It is too late. The 
public, our friends and customers, is not interested in it. 
The public has come to realize that the individual and in- 
dependent transportation units which we together as or- 
ganizations design, produce, sell and service are the 
things most needed by them after food, clothing, fuel and 
housing; even more than the telephone. You cannot im- 
agine any individual family or corporation that needs 
and uses the telephone, getting along without the auto- 
mobile, but you know of many who must have and do 
use automobiles and get along some way without the 
telephone. 


COOPERATION IN PRODUCTION 


Through the medium of the Society, the designing en- 
gineers have been able for years to cooperate extensively. 
This cooperation, augmented ten-fold by the necessities 
and pressure of the war, standardized many materials, 
parts and practices, thereby simplifying construction and 
making vast savings for the industry, its material sup- 
pliers and the car-owners. Production engineers, unfor- 
tunately, have been denied the opportunity of cooperating 
with each-other to any extent, because only the largest 
companies felt justified in training and maintaining all- 
round men; most of the production engineers of to-day 
are trained only in very limited and specialized fields. 
In addition, the automotive industry had been so griev- 
ously disappointed by the work of the early so-called effi- 
ciency and economy experts and groups, brought in from 
other industries, that it has not looked with general favor 
upon production engineering until recently. However, 
dodging the word efficiency, which was in disrepute, prac- 
tically every plant of any size now maintains a reason- 
able amount of production engineering as a Standards 
or Planning Department or Production Office. It is only 
to-day, when its commercial age is fully 21 years, that 
our own great automotive industry which, with the re- 
lated industries producing tires, parts and accessories, 
constitutes the Individual Transportation Industry, the 
largest combined industry in the world, is holding with 
you its first national production meeting. So, our pro- 
duction engineers can take heart with renewed patience 
and, if the Society has not already done so, should not 
its logical expansion open a Section for Production Engi- 
neers and possibly for Plant Engineers? 

With cooperation in production engineering as now 
developed we believe that our designing engineers are 
considering more carefully the present and standard 
plant-machinery equipment in designing new product. 
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CENTRIFUGAL PROCESS OF CASTING IRON 


They must know that any new product, while in the 
paper and experimental stages, must be sold to the pro- 
duction department, to reflex the experience of the pro- 
duction man and his department-heads as to the makable- 
ness of the product; and sold to the service department 
as to the accessibility and serviceability in the field. 
Some of us have drawn engineering and production into 
closer and constant cooperation by a combined engineer- 
ing and manufacturing committee, consisting of general 
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manager, assistant general manager, chief engineer and 
manufacturing manager; and by calling into their meet- 
ings from time to time the sales or service manager or 
field-service engineer or manufacturing department- 
heads we may hope to stop the “passing of the buck,” 
and to make our organization so closely woven a produc- 
tion fabric that we shall all become real production men 
on the one Job. 
We know that this way lies permanence and success. 





THE CENTRIFUGAL PROCESS OF CASTING IRON 


iy a digest’ of a paper on Centrifugal Castings, presented 
before the West of Scotland Iron and Steel Institute by 
F. E. Hurst, new evidences of progress in this method are 
indicated and these are also commented upon editorially. 
The process, as at present operated in the Scottish plant with 
which the author of the paper is connected, is being applied 
to cast iron for producing large-size castings for piston-ring 
sleeves; gas, oil and Diesel-engine-cylinder liners; chilled 
wheel and chilled-roll castings; and cylindrical castings of 
all descriptions. The machines at present in operation are 
capable of producing castings up to a maximum length of 
36 in. and of varying diameters from 10 to 30 in., and other 
machines for producing both smaller and larger castings are 
under construction. 

The principle of operation of the centrifugal casting 
process lies in the introduction of molten metal to the mold 
or die while it is rotating rapidly about a horizontal axis. 
No core is used for cylindrical articles and a perfectly cylin- 
drical interior surface is produced directly because of: the 
centrifugal force exerted while the molten metal is solidify- 
ing and due also to the rate of introduction of the metal to 
the mold. 

The centrifugal casting machine consists essentially of a 
faceplate mounted on a shaft carried in bearings arranged 
to be rotated at the speeds required. The molds are attached 
to the faceplate by bolts and, when rotating, the molten 
metal is introduced by tilting a specially designed pourer that 
has been moved into position inside the rotating mold. The 
molds themselves are constructed in two parts: An outer 
holding casting that is arranged to bolt to the faceplate, 
and an inner liner that is arranged to fit loosely inside the 
holder casting. The liner is bored internally to the size and 
dimensions of the outer surface of the casting to be produced, 
and the outside of the liner is bored to fit the holder cast- 
ing, which is designed to take a group of a series of liners, 
the dimensions of, which are arranged to produce flanged 
cylindrical castings of a standard series of dimensions. By 
this means the cost of the renewals of dies for the produc- 
tion of a given size is reduced considerably and, as a rule, 
the series of holders will take most of the special liners that 
are required for the production of castings of special shapes. 


1See The Iron Age, Aug. 31, 1922, p. 529. 
*See The Iron Age, Sept. 14, 1922, p. 666. 


The back end of the liner next to the faceplate of the ma- 
chine is closed by a plate attached to the end of a threaded 
rod passing through the hollow shaft of the machine and 
arranged for the ejection of the castings. The front of the 
liner is closed by an annular plate having the internal diam- 
eter of the annular ring corresponding to the internal diameter 
of the casting to be produced. This plate is arranged so as 
to be removable after the completion of the casting operation 
and allow the casting to be extracted. 

As indicated, a series of standard dimensions of flanged 
cylindrical castings has been compiled, and the installation 
of the necessary holders and liners to produce these makes 
it feasible to manufacture a wide variety of cylindrical cast- 
ings within the limits of dimensions specified and with altera- 
tions that are comparatively trifling. For example, the only 
alteration to the die required to produce castings thicker than 
a given standard is an alteration to the diameter of the inner 
circle of the closing plate. Castings shorter than the standard 
range of size can be produced by an alteration in the posi- 
tion of the ejector plate. Castings having specially shaped 
flanges or external projections require a special liner, but 
in the majority of instances a special liner only is required 
and the expense is not necessarily prohibitive. Castings hav- 
ing internal projections, or closed cylinders, or dish-shaped 
castings, cannot be produced on a commercial basis as yet. 

Observation of the mechanical properties of centrifugal 
castings should always be made in conjunction with the chem- 
ical composition, and this must be taken into consideration 
when making comparisons between centrifugal and sand 
castings. So far as the investigation of the properties of 
centrifugal cast-iron has gone, in all cases a distinct improve- 
ment in the mechanical properties has been found. An im- 
provement would be expected on account of the use of a metal 
mold, although there is no doubt that the centrifugal method 
itself has considerable influence in modifying the properties 
of the cast-iron. 

In the plant mentioned an improved melting-furnace has 
been installed to supply hot metal of uniform composition, 
which is of prime importance in producing high-grade cast- 
ings from low total-carbon mixtures and steel mixtures. 

In the editorial comment already mentioned’ it is stated 
that it seems evident that there are great possibilities in the 


application of the centrifugal process to small castings of 
suitable section. 
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8—WASHINGTON SECTION—Piston Rings—A. W. Morton. 


MITT a 











20—Mip-WeEstT SECTION (At Milwaukee) 
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: 22—DerTroIt SEcTION—Body Engineering Meeting 





Teupenanerevssivanenseenes 


HE Sections of the Society were very active during 

November, a total of 10 meetings being held. Attendance 
figures reaching the New York office reflect an increased in- 
terest in Sections meetings. It is also noteworthy that mem- 
bership in the Sections shows an increase over that at the 
same season last year. The character of papers presented 
to date and the valuable discussions that have followed them 
are evidence of an advance in Sections activity. Read the 
following reports carefully and join the Section nearest you 
so that you may enjoy its future meetings. 


CLEVELAND SECTION 


Close to a hundred members of the Cleveland Section spent 
a very enjoyable evening on Nov. 17 listening to Dr. Georg 
Madelung’s presentation of the analytical study upon which 
the design of the famous Hannover glider was based. This 
glider or sail-plane remained in the air over 3 hr., attained 
an altitude of 1000 ft. above its starting point and won all 
prizes in the Rhoen competition in Germany. Dr. Madelung 
stated that this fine performance was due to the application 
of fundamental aeronautic theory to the design of the glider 
so as to attain a minimum rate of descent. This enabled it 
to fly the longest possible time without losing altitude. Each 
of the factors in the formula determining the rate of 
descent was analyzed and by proper proportioning of the 
machine all of the variables were reduced to a minimum. 
This study indicated the importance of utilizing a long wing- 
span in combination with a short wing-chord or width. 
This was the outstanding feature of the machine from an 
aerodynamic standpoint. It had a span exceeding 40 ft. and 
the chord was approximately 4 ft. The weight was only 
430 lIb., including the pilot, yet the plane possessed great 
structural strength and rigidity. 

It was evident to those hearing Dr. Madelung that the 
glider or sail-plane competitions have a distinctly valuable 
place in the field of aeronautics. The Rhoen meeting enabled 
the German engineers to test and prove the merit of several 
radical departures from conventional practice at remarkably 
low costs. Notable among these innovations was a landing 
gear consisting of three football wheels mounted on rigid 
axles; a monoplane wing with an unusually long span in 
combination with a short chord; a special thick-wing con- 
struction with only one wing-beam; and a plywood leading- 
edge construction designed to carry all of the torsional load 
on the wing. Dr. Madelung’s paper will appear in an early 
issue of THE JOURNAL. It will convince every thinking engi- 
neer that glider experiments will exert a strong influenee on 
the aerodynamical features of the commercial airplane of 
the future. 


Schedule of Sections Meetings 


DECEMBER 
6—MINNEAPOLIS SECTION—Design Considerations in Pattern and Foundry Practice—R. C. Hitchcock 
14—-INDIANA SECTION—What Engineering Owes to Pure Science—John H. Hunt 


14—:METROPOLITAN SECTION—Air-Cooling of Automotive Engines—C. P. Grimes 
15—BuFFraLo SEcTION—Results of Testing of Materials and Their Effects upon Present-Day Engineering—Prof. G. B. 


Upton 
2 15—CLEVELAND SEcTION—Troubles Encountered in Car Operation—A. J. Killius 
2 19 


DAYTON SECTION—The Utilization of Low-Grade Fuels in Automotive Engineering—P. S. Tice 


100-Ton-Miles per Gallon—H. L. Horning and J. B. Fisher 
Mechanical Service—Knox Brown 


28—-PENNSYLVANIA SECTION—Aeronautics—Com. R. D. Weyerbacher, U. S. N. 


The next meeting of the Cleveland Section will be devoted 
to a discussion of the troubles encountered by the average 
automobile owner in the operation of his car. The speaker, 
A. J. Killius, is service manager of the Cleveland Automobile 
Club. He has been making a special study of cars left 
for repairs at garages in Cleveland and plans to present a 
frank but constructive criticism of present-day automobiles 
from the service viewpoint. The meeting is scheduled for 
Dec. 15 at the Cleveland Engineering Society rooms, Hotel 
Winton, starting at 8 o’clock. ° 


DETROIT SECTION 


What Mechanical Men Should Know About Merchandising 
formed the subject of a very interesting talk given by E. S. 
Jordan before the Detroit Section, Nov. 24. Mr. Jordan, who 
is president of the Jordan Motor Car Co., made some very 
pertinent suggestions on the importance of engineers study- 
ing the demands of the automobile-buying public and creat- 
ing features that will have a direct sales appeal. He urged 
a closer contact between the engineer and the salesman so 
that each might profit by the other’s suggestions. 

The next meeting of the Detroit Section is scheduled for 
the evening of Dec. 22 at the Detroit Board of Commerce. 


MINNEAPOLIS SECTION 


Piston-rings and pistons were the subject of two papers 
and a very thorough discussion at the meeting of the Min- 
neapolis Section on Nov. 1. Allen W. Morton presented a 
well-prepared paper on piston-rings. He stated that multiple- 
piece rings are losing favor rapidly because of their greater 
liability to breakage, poor wearing quality in service and 
difficulty of installation. Individually cast rings are supe- 
rior to pot-cast rings because of their uniformity, closer 
grained metallic structure, longer life and greater resiliency. 
Foundry practice of molding, melting and pouring is of 
greater importance than the chemical composition of the 
iron. Mr. Morton discussed methods of producing tension 
in rings and favored the practice that effects the result by 
artificial means such as peening, believing this assures better 
control of the final pressures on the cylinder-wall. He de- 
scribed a method of determining cylinder-wall pressures of 
rings by lapping a sample ring to produce rapid wear and 
then measuring the amount of ring wear at numerous points 
on the periphery. The importance of ring fit in the piston 
groove was stressed as a means of preventing oil-pumping. 
The discussion of the paper related to analysis of piston-ring 
iron, sticking of rings and ring thickness. 

The second paper of the evening was read by George Bon- 
thenon and set forth some practices followed by the author 
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in the manufacture of light-weight cast-iron pistons. Iron 
analysis, heat-treatment and machining operation data were 
given. 

The next Minneapolis Section meeting will be held, Dec. 6, 
at the Builders’ Exchange in that city. Motion pictures 
illustrating steel manufacture will be shown. Prof. Peter 
Christensen of the University of Minnesota, will give a de- 
scriptive talk on steel manufacture and R. C. Hitchcock will 
read a paper on Design Considerations in Pattern and Foun- 
dry Practice. 

METROPOLITAN SECTION 


About 50 members of the Metropolitan Section who attended 
the monthly meeting held on Nov. 14 at the Automobile Club 
of America, New York City, were entertained by a very com- 
prehensive and instructive paper by Alden L. McMurtry, re- 
cently consulting engineer of the Connecticut State Motor 
Vehicle Commission, on the Regulations Governing the Use 
of Rural Highways. 

The methods of investigating both the records of appli- 
cants for licenses and the causes of accidents were described 
in detail and were illustrated by numerous lantern slides. 
It was the speaker’s contention that by penalizing offenders 
and by gradually weeding out the careless and irresponsible 
drivers good drivers would be protected and that speed limits, 
which are now the basis of legal restrictions, would be un- 
necessary. As the conditions under which a car is operated 
and the skill of the driver are usually the determining factors 
in accidents, a light passenger car traveling at a speed of 
20 m.p.h. might be as dangerous as a heavier and better 
built vehicle at twice that speed. The importance of regulat- 
ing the loading of trucks and of preventing overloading was 
emphasized. 

David Beecroft in the discussion that followed said that 
highways were not built originally for present methods of 
transportation and were inadequate; that accidents for which 
the highways, rather than the drivers, were responsible 
would increase as the years go by; that lighting must be 
standardized throughout the Country, so that the same signal 
would not be indicated by two or three different colors in 
various localities; that at present there is too much light 
on passenger cars and not enough on trucks; that the high- 
way lighting in vogue 40 years ago is still in use and is 
inefficient; and that the tendency of-road hogs to hug the 
center of the road is due largely to the faulty illumination 
of the sides of the road. On account of the length of the 
paper very little time remained for discussion and members 
who wished to participate were requested to submit their 
comments in writing. 

The report of the secretary showed that 51 new members 
had been admitted to the Section, making the present enroll- 
ment 254. 

Air-Cooling of Automotive Engines will be treated in a 
paper by C. P. Grimes before the Metropolitan Section meet- 
ing, Dec. 14. Mr. Grimes is research engineer of the H. H. 
Franklin Mfg. Co. and consequently he speaks with author- 
ity on this subject. Metropolitan Section meetings are 
held at the Automobile Club of America, New York City, 
starting at 8 o’clock, and are preceded by an informal dinner 
at 6.30 p.m. 


NEW ENGLAND SECTION 


The New England section held its November meeting in 
Springfield, Mass., on the 24th of the month. The members 
were the guests of the Westinghouse Electric & Mfg. Co. 
during the afternoon, visiting the Springfield plant of this 
company and viewing the methods of manufacturing auto- 
mobile starting and lighting systems. The factory visit 
was followed by a meeting and dinner at the Hotel Kimball 
in the evening. 

Automotive electrical service was the topic of a paper 
presented at the meeting by M. B. Speer, superintendent of 
the service department, Westinghouse Electric & Mfg. Co. 
He stated that many electrical service-stations are failing to 
impress each new customer with their ability and that auto- 
motive electrical service is a highly specialized branch of the 


automotive industry which cannot render service promiscu- 
ously. Most electrical service-stations make no attempt 
to analyze the average cost of a particular operation to 
determine whether that cost could be reduced by eliminating 
waste time and using special tools or equipment. A majority 
of stations accept a certain amount of idle time as a neces- 
sary evil and 40 to 50 per cent of the electrical repairman’s 
time is unproductive for this reason. Mr. Speer cited his 
personal experience in managing and operating an elec- 
trical service-station to prove that idle time can be almost 
entirely eliminated by a simple method of time-keeping, a 
definite knowledge of the time required on each repair opera- 
tion and by rendering service descriminately but impartially. 
Electrical service-stations have not paused often enough to 
ask themselves what constitutes a reliable service-station; 
cost and accounting systems have been neglected; shop and 
small-tool equipment has been inadequate; little has been 
done to increase trade. Immediate service is of no advantage 
if the service rendered is inefficient and results in a come- 
back. 

The use of armatures rewound by specialty rewinding com- 
panies has proved unprofitable for many service-stations, ac- 
cording to Mr. Speer’s experience. This is due to the un- 
satisfactory service such armatures have given. A recent 
investigation showed that 81 out of the 87 stations consulted, 
used rewound armatures in their service work. The average 
charge made to the customer is estimated at 75 per cent of 
that of a new armature, showing that the ultimate user pays 
dearly for a repaired piece of apparatus when a new arma- 
ture would be a better and safer investment. 

The New England Section meets in Boston, Dec. 22, at the 
Engineers Club when a paper on mechanical service will 


be read by Knox Brown of the Packard Boston service- 
station. 


WASHINGTON SECTION 


W. S. James, of the Bureau of Standards staff, has been 
appointed chairman of the committee that will be responsible 
for future meetings of the Washington Section. Mr. James 
is fortunate in having a number of automotive engineering 
authorities and scientists associated with him at the Bureau 
of Standards and this assures the presentation of many 
valuable papers before the Washington Section. The next 
meeting of the Section will be held at the Cosmos Club, Fri- 
day, Dec. 8. 


BUFFALO SECTION 


Air-cooled automotive engines were the center of interest 
at the Buffalo Section meeting on Nov. 17 when C. P. Grimes, 
of the H. H. Franklin Mfg. Co., presented a very valuable 
paper. The meeting was most enthusiastic and the attendance 
exceeded 100 persons. Mr. Grimes outlined the major advan- 
tages of air-cooling as applied to passenger-car engines. He 
presented many data on performance, weight and efficiency, 
stating that air-cooling enabled the Franklin engineers to 
produce an engine weighing only 158 lb. with complete cool- 
ing equipment as compared with 213 lb. for a water-cooled 
engine of similar power characteristics. It was explained 
that Franklin economy of operation is dependent on the 
air-cooling principle to a large extent, not only because of 
the reduced weight but also because the engine operates at 
temperatures conducive to efficient fuel combustion. The 
fuel-consumption at 20 m.p.h. averaged 1.8 lb. per hp-hr. 
which compares with from 2.0 to 3.5 Ib. per hp-hr. in other 
cars. At higher speeds the consumption drops to 0.7 Ib. per. 
hp-hr. The author argued against providing powerplants in 
passenger cars that are capable of propelling the vehicle at 
speeds in excess of 50 m.p.h. when the average owner seldom 
exceeds 35 m.p.h. in his daily driving. Over-powering results 
in low fuel economy because of excessive weight throughout 
the entire chassis and because the engine is operated under 
a nearly closed throttle most of the time. Questions of blower 
design, piston fits, cylinder temperature, and blower noise 
were treated in the discussion following the paper. 

The Buffalo Section has scheduled its next meeting on 
Dec. 15 at the Buffalo Engineers Club. Prof. G. B. Upton, 
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of Cornell University, will read what is expected to be a 
very instructive paper on Results of Testing Materials and 
Their Effects on Present-Day Engineering. 


DAYTON SECTION 


The Dayton Section did not meet in November but has ar- 
ranged what promises to be a very valuable session on Dec. 
19 when P. S. Tice of the Stewart-Warner corporation will 
read a paper on the Utilization of Low-Grade Fuels in Auto- 
motive Engines. Dayton Section meetings are held at the 
Dayton Engineers Club and start at 8 o’clock. They are pre- 
ceded by an informal get-together dinner at 6.30 p.m. 


PENNSYLVANIA SECTION 


The design of passenger-car chassis springs received the 
attention of the Pennsylvania Section at its meeting, Nov. 
24. H. B. Winchell, of William & Harvey Rowland, Inc., 
read the paper of the evening. He discussed spring action 
and flexibility, the effect of the Hotchkiss drive on riding- 
quality, natural periods of synchronism and methods of pre- 
dicting probable spring action on completed vehicles. The 
paper includes passages on the effects of length, width, num- 
ber and thickness of leaves, rebound leaves, rolled and dia- 
mond points and other details of spring construction. The 
various types of suspension were compared and their rela- 
tive merits shown. Mr. Winchell strongly emphasized that 
it is better to give proper study to spring length, width and 
characteristics in the early stages of design than to find 
when the vehicle is completed that it is impossible to install 
proper type of springs in the space that has been provided 
for them by the designer. 

The next meeting of the Pennsylvania Section will feature 
aeronautics and the principal speaker will be Com. R. D. 
Weyerbacher, U. S. N., who is stationed at Lakehurst, N. J. 
The meeting will be held, Dec. 28 at the Philadelphia Engi- 
neers Club, starting at 8 o’clock and will be preceded by the 
customary informal dinner at 6.30 p.m. 
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INDIANA SECTION 


The Indiana Section meeting on Nov. 9 was addressed by 
Fred E. Moskovics, vice-president of the Nordyke & Marmon 
Co., on the relation of the engineer to the sales and service 
branches of the industry. He divided motor-car engineering 
into two phases, theoretical or technical engineering and 
empirical or practical engineering. He felt it the duty of 
the service engineer to digest the troubles of the automobile 
operator so that they might be presented to the designing en- 
gineer as the basis of his empirical engineering work. The 
service department should function as the eyes and ears of the 
engineer in the operating field. Chief executives should or- 
ganize channels for the assured consideration of the service- 
man’s suggestions, experience and complaints. The discus- 
sion of Mr. Moskovic’s paper was very spirited and included 
remarks by Lon R. Smith, O. C. Berry, Fred Duesenberg, A. 
L. Nelson, David Landau and others. 

J. H. Hunt, head of the electrical division of the General 
Motors Research Corporation, will address the next meeting 
of the Indiana Section on Dec. 14. His topic will be What 
Engineering Owes to Pure Science. 

D. C. Teetor has been appointed treasurer of the Indiana 
Section to succeed Mark Smith who resigned because of his 
departure from Indianapolis. 


MIDWEST SECTION 


Dr. H. I. Schlesinger, professor of Chemistry at the Uni- 
versity of Chicago, addressed the Midwest Section on the 
occasion of its meeting, Nov. 24. He explained the function 
of a catalyst in chemical reactions and stated the chemist’s 
theory of catalytic action so that the automotive engineer 
could appreciate better the important part this scientific dis- 
covery has played in the refining and combustion of petro- 
leum products. 

The next meeting of the Midwest Section will be held in 
Milwaukee at the Milwaukee Athletic Club on Dec. 20. H. L. 
Horning will present the principal paper. 





HIGH TEMPERATURE CAUSES EXCESSIVE VALVE-SEAT WEAR 


HE Bureau of Standards was requested recently to investi- 

gate the cause of excessive valve-seat wear shown in a 
certain make of engine. These valve-seats were in some in- 
stances sunk into the cylinder block to a depth of nearly % in. 
In every case the trouble was found in connection with the 
exhaust-valve seat, but it only occurred in a small number 
of engines of a given type, and even in the same engine all 
the exhaust-valve seats were not equally affected. 

The cast iron of which the cylinder blocks were constructed 
was first examined, but this proved to be typical of the mate- 
rial usually employed in cylinder construction, and no dif- 
ference was noted between the metal of the valve-seats show- 
ing excessive wear and those showing a normal amount. Next 
it was thought that difficulty might have been encountered in 
regrinding the valves, some of the valves not being affected 
by the grinding compound. This would result in the seat 
being ground away in a vain attempt to get satisfactory 
tightness. A few experiments were sufficient to eliminate 
this as a cause of the trouble. 


Attention was next directed to conditions of operation 
that might account for the trouble. To determine the effect 
of cam outline and spring pressure, a cam that would give 
the valve about twice its normal lift and permit it to close 
very rapidly, thus striking the valve seat with considerable 
force was designed; but operation with this arrangement 
failed to show an abnormal rate of wear. However, with the 
valve and the seat heated to a dull red color, conditions were 
changed and the rate of wear was amply rapid to explain 
the trouble. 

It should be mentioned in this connection that a reducing 
flame was used in these experiments to avoid any possibility 
of rapid wear through the oxidation of the metal. The tem- 
peratures reached in this experiment might result in actual 
operation from preignition or a very slow burning mixture, 
and it is probable that one of these conditions coupled with 
inadequate cooling of the valve-seats was responsible for the 
abnormal wear of the valve-seats in the engines under in- 
vestigation. 
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Publications of Interest 
fo 


S. A. KE. Members 


In this column are given brief items regarding tech- 
nical books and publications on automotive subjects. 
As a general rule, no attempt is made to give an 
exhaustive review of the books, the 
section of THE JOURNAL being rather to indicate 
from time to time what literature relating to the 
automotive industry has been published with a short 
statement of the contents. 





purpose of this 





SYMPOSIUM ON IMPACT TESTING OF MATERIALS. Collection of 
papers presented at the 25th annual meeting of the Amer- 
ican Society for Testing Materials, 1315 Spruce Street, 
Philadelphia. 107 pp.; 27 illustrations. 


This symposium, some of which may be of interest to auto- 
motive engineers, begins with a review of Impact Testing of 
Materials by H. L. Whittemore of the Bureau of Standards, 
in which the author gives a brief review of the subject, with 
a selected bibliography. This is followed by a series of three 
papers by D. J. McAdam, Jr., Thomas R. C. Wilson and Ear! 
B. Smith, on machines and test specimens used in impact 
tests of metals, wood and road materials respectively. 

Then follow two papers by C. L. Warwick and T. D. Lynch 
on American and British, practice respectively, in Notched- 
Bar Impact-Tests of Metals. Finally, there are three inter- 
esting papers on Measurement of Impact by C. E. Margrum, 
Armin Elmendorf and H. F. Moore, and a paper on the Sig- 
nificance of Impact Tests by F. C. Langenberg and N. Rich- 
ardson. The four last-mentioned papers in particular con- 
tain a critical discussion of some of the accepted methods of 
measuring impact pressures, and the significance of the 
results obtained with them, which should be of interest to 
engineers who are particularly concerned with the behavior 
of structural materials under conditions of impact, or under 
rapidly changing load.—H. C. D. 


AIRCRAFT SPEED INSTRUMENTS. By Franklin L. Hunt and 
H. O. Stearns. National Advisory Committee for Aero- 
nautics Report No. 127. Published by the National Ad- 
visory Committee for Aeronautics, City of Washington. 
38 pp.; illustrated. 


This report consists of three parts relating respectively to 
air-speed indicators, the testing of air-speed indicators and 
the principles of ground-speed measurement. Part 1 first 
discusses the different types of instruments that have been 
proposed for the measurement of air-speed and then gives 
detailed descriptions of most of the instruments that are 
used extensively and results of tests. A short discussion of 
the altitude effect on air-speed indicators is given with a 
practical table of corrections. Part 2 describes the methods 
of testing air-speed indicators used at the Bureau of Stand- 
ards. Part 3 discusses the physical principles of ground- 
speed measurement and the methods that have been devised 


for their practical application to the determination of the 
ground speed of aircraft. 


AERONAUTIC DIRECTION INSTRUMENTS, National Advisory 
Committee for Aeronautics Report No. 128. Published by 


the National Advisory Committee for Aeronautics, City 
of Washington. 


This report, which is divided into four parts, covers the 
general field of direction instruments for aircraft. The 
adequacy of a consideration of the steady state of gyroscopic 
motion as a basis for a discussion of the displacements of a 
gyroscope mounted on an airplane is pointed out in the first 
part. The simple theory of the design of gyroscopic inclino- 
meters and stabilizers is developed on this basis. The prin- 





cipal types of instruments are briefly described and their per- 
formance requirements stated. In the second part the test- 
ing and use of magnetic compasses for airplanes is dealt 
with briefly, while Part III contains a general treatment of 
the important features of the construction of aircraft com- 
passes. Descriptions of the principal types used in America 
and in foreign countries are included. A brief history of 
the development of airplane turn indicators with detailed 
descriptions of all known types and makes is presented in 
the last section of the report. The results of laboratory and 


flight tests for the several available gyroscopic turn indi- 
cators are appended. 


AUTOMOBILE CALCULATIONS. By James Watt. Paper read 
before the Institution of Automobile Engineers, 28 Vic- 
toria Street, Westminster, S. W., London, England. 72 pp. 


The aim of the paper is primarily to aid draftsmen and 
designers, in bringing together in a convenient form calcula- 
tion methods used in. everyday design. The treatment is in 
the algebraic form and is applicable to light and heavy vehicle 
design. The calculations are grouped in four classes; the 
absolute, the comparative, the empirical and the approxi- 
mate. The care used to distinguish between the types of 
formulas is very commendable for on the outset it helps the 
designer to gage the work according to the class of formulas 
that is being used. 

The units of the vehicle treated in the paper are the 
engine, gearbox, clutch, universal-joints, rear axle, front 
axle and steering gear, springs, hand and foot brakes, frame 
and frame mountings, gear-ratio, road performances, spe- 
cial vehicles and accessories, weight of vehicle and the chassis 
as a unit and its component parts. The units are treated in 
full only so far as the author deems it to be advisable on the 
ground that many essential calculations are comparatively 
simple from a mathematical standpoint and such calculations 
have been omitted. 

The paper is carefully prepared, clearly indicating its 
limitations as well as setting forth clearly its useful appli- 
cation. The author is to be complimented on his broadminded 
way in condensing so large a subject as automobile calcula- 
tions into a paper of comparatively few pages.—A. L. N. 


MATERIALS OF ENGINEERING. By Herbert F. Moore, includes 
a chapter on concrete by Harrison F. Gonnerman. Pub- 


lished by the McGraw-Hill Book Co., New York City. 305 
pp.; 110 illustrations. 


The author’s preface states that the object of this text- 
book is to furnish a concise presentation of the physical 
properties of the common materials used in structures and 
machines, together with a brief description of their manu- 
facture and fabrication. The book is intended primarily for 
use in technical schools, but may also prove useful to drafts- 
men, inspectors, machinists, and others, who, dealing with 
the materials of engineering in their daily work, wish to 
become familiar in an elementary way with the properties 
of those materials. 

The author discusses the physical properties of materials 
and their ability to withstand deformation and to resist 
forces. He outlines the various methods used for testing 
materials to assure that service requirements will be met 
and describes concisely the methods of manufacture and 
fabrication into structures and machines of the different 
materials in common use. 

While the text is elementary in character, for the reader 
who wishes to pursue his studies further there is given at 
the end of each chapter a list of selected references. 


PNEUMATIC TIRES: AUTOMOBILE, TRUCK, AIRPLANE, MOoTor- 
CYCLE, BicycLe. By Henry C. Pearson. Published by the 
India Rubber Publishing Co., New York City. 1323 pp.; 
numerous illustrations. 


This book is described in the subtitle as “an encyclopedia 
of tire manufacture, history, processes, machinery, modern 
repair and rebuilding, patents, etc., etc., profusely illus- 
trated.” The author, a practical rubber-man, has made rub- 
ber tires and studied the subject in the leading tire factories 
of the United States and Europe. As publisher and editor 








Vol. XI 


December, 1922 


No. 6 


cee sss 


568 


of the India Rubber World he is in a position to secure a 

large amount of material not accessible to others. The book 

may be accepted, therefore, as an authoritative treatment of 
the manufacture of the air-filled tire. 

DURALUMIN: A DIGEST OF INFORMATION. By Horace C. 
Knerr. Paper presented at the Detroit Convention of the 
American Society for Steel Treating. 29 pp.; 18 illustra- 
tions. 

Forged and heat-treated-aluminum alloys such as duralu- 
min have been in use for a number of years, and it is not 
entirely clear why their use has been confined almost en- 
tirely to aircraft, in view of their apparent advantages in 
the automotive field. Aside from price, one of the factors 
that has limited their general use seems to have been a cer- 
tain amount of distrust of these materials when produced 
in quantity for structural purposes. 

H. C. Knerr, author of the paper reviewed here, is metal- 
lurgist of the Naval Aircraft Factory in Philadelphia. His 
paper should be of special interest to the automotive engi- 
neer, since it gives what appears to be an unbiased discus- 
sion of what duralumin is and what may be expected of it. 

The history, composition and manufacture of this alloy 
are covered briefly. Its mechanical properties are discussed 
at some length and compared with steel for various purposes. 
There is a chapter on the fabrication of structural parts 
from duralumin stock and another on corrosion. The latter 
is treated at considerable length. 

The last part of the paper is devoted to the constitution, 
metallography and theory of heat-treatment. This is of 
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particular interest as it comprises a review of some of the 
work of several prominent metallurgists, accompanied by a 
discussion by the author. This is followed by a bibliography 
of the subject. 


EXPERIMENTAL RESEARCH ON AIR PROPELLERS. By W. F. 
Durand and E. P. Lesley. National Advisory Committee 
for Aeronautics Report No. 141. 82 pp.; 51 illustrations; 
8 plates. Published by the National Advisory Committee 
for Aeronautics, City of Washington. 


This report will be of interest to those who are interested 
in air propellers. The previoug reports of this series, Nos. 
14, 30 and 64, have described in detail various findings of an 
important research project which has been in progress for a 
number of years at the Leland Stanford, Jr., University 
under Professor Durand. The present report is a review 
of the entire series of results of the preceding reports and 
includes a more complete analysis, graphical and otherwise, 
of these results. In making this review, any points that 
were considered doubtful from the results obtained in the 
first test have been checked by several repetitions of the tests. 

The addition of a series of nomographic diagrams ex- 
presses the results of this important research in convenient 
form for use in determining the relative performance char- 
acteristics of a very wide variety of propeller designs se- 
lected so as to represent a continuous series, rather than dis- 
tinct and independent types. We believe this report consti- 
tutes an important addition to the literature of this difficult 
subject. 





OBITUARY 


JOHN B. Foote, president and founder of Foote Bros. Gear 
& Machine Co., Chicago, died Oct. 12, 1922, aged 57 years. 
He was born at Chicago, April 6, 1865, received a public- 
school education and supplemented this with night lessons in 
drawing and in mathematics. He served an apprenticeship 
as a machinist for 4 years, followed this with practical work 
at die making and special machinery and, for a number of 
years, designed automatic machinery for can-manufacturing 
plants. For the last 29 years he was engaged in the pro- 
duction of automobile and tractor gears and tractor trans- 
missions, having been a pioneer in the making of cut-steel, 
case-hardened, tough-cored gears for heavy-duty work. He 
was a charter member of the Society of Tractor Engineers. 
He was elected to Member grade in the Society of Automo- 
tive Engineers when the former organization was absorbed 
in 1917. 

Wituiam H. LITTLE, active in the automotive industry 
until his health failed in 1920, died at his home in Detroit, 
Oct. 26, 1922, aged 46 years. He was born at Westboro, 


Mass., Feb. 4, 1876. After his preliminary education, his 
early activities included 5 years of service as chief inspector 
and general foreman for the Locomobile Co., Bridgeport, 
Conn.; 1 year as superintendent for the Edison Storage 
Battery Co.; and 1% years as manager of the New York 
City branch office of the Waltham Mfg. Co., Waltham, Mass. 

In 1906 he became factory manager for the Buick Motor 
Co., Flint, Mich. Several years later he organized the 
Little Motor Car Co. that produced the “Little Car, made 
by Big Bill Little,” as it was known to the trade. With the 
absorption of this enterprise by the Chevrolet Motor Co., 
Detroit, Mr. Little became its president. Later, he was gen- 
eral manager of the Sterling engine plant that built Chev- 
rolet engines. Still later, he was made vice-president and 
managing director of the Scripps-Booth Corporation, De- 
troit. 

Mr. Little was unmarried and is survived by his mother 
and one sister. He was elected to Member grade in the 
Society in 1908. 
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The applications for membership received between Oct. 
16 and Nov. 15, 1922, are given below. The members of 
the Society are urged to send any pertinent information 
with regard to those listed which the Council should have 
for consideration prior to their election. It is requested 
that such communications from members be sent promptly. 


nee EUEEIEEEIEEEEEEINEEEEEEREEE 


ANDERSON, GEORGE Porter, engineer, Graham Bros., Detroit. 
AUSTIN, SAMUEL, service manager, Austin Auto Co., Hartford, Conn. 
BacGs, HoKE S., president, Norfleet-Baggs, Inc., Salem, N. C. 


BEAL, S. H., assistant general manager, Jones & Lamson Machine 
Co., Springfield, Vt. 


BLACKINTON, GEORGE WILSEY, works manager, Continental Motors 
Corporation, Detroit. 


BLAUMAN, Louis W., 
Newark, N. J. 


sales engineer, Litho Etching Corporation, 


Bowers, GEORGE F., student, Purdue University, Lafayette, Ind. 
BRADER, Norwoop HAROLD, student, Cornell University, Ithaca, N. Y. 


3ROWN, JAY R., chief engineer, Western Automatic Machine Screw 
Co., Elyria, Ohio. 


BROWNE, THEODORE C., vice-president, 


Brush 
Cleveland. 


Laboratories Co., 


BULLARD, D. B., general mechanical engineer, Bullard Machine Tool 
Co., Bridgeport, Conn. 


BULLARD, E. P., Jr., president, Bullard Machine Tool Co., Bridge- 
port, Conn 


BULLARD, S. H., vice-president, Bullard Machine Tool Co., Bridge- 
port, Conn. 


Burcu, Louis D., student, Purdue University, Lafayette, Ind. 
BUSSARD, ROBERT 


McCLELLAND, 
fayette, Ind. 


student, Purdue University, La- 


CARMIN, KENNETH ARNOLD, student, Purdue University, Lafayette, 
Ind. 


CORONADO, CHARLES A., student, Ohio State University, Columbus, 
Ohio. 


Cox, JOHN FITZHEW, student, 


Georgia 
lanta, Ga. 


School of Technology, At- 


Cros, RENE L., student, Ohio State University, Columbus, Ohio. 


DACosTA, JOHN C., 3RD, mechanical engineeer, Baldwin Locomotive 
Works, Philadelphia. 


Davis, LEwis HENRY, student, Purdue University, Lafayette, Ind. 


DORAN, JOSEPH F., production engineer, Crown Cork & Seal Co., 
Baltimore. 


DYMENT, ALBERT ELLIOTT, sales engineer, Goulds Mfg. Co., Seneca 
Falls, N. Y. 


ELLIS, J. H., service manager, Olds Motor Works, Detroit. 


FEARNSIDE, RALPH STAFFORD, student, Purdue University, Lafayette, 
Ind. 


FENN, GEORGE PRENTICE, student, University of Illinois, Urbana, IN. 


FREDERICK, CHARLES WALTER, student, University of Michigah, Ann 
Arbor, Mich. 


GEBHARDT, C. W., vice-president and engineer, J. J. Schnerr Co., 
Inc., San Francisco. 


GLOSSBRENNER, 


Epcar L., 
Ind. 


student, Purdue University, Lafayette, 


GODBOLD, E. J., engineer, Climax Engineering Co., Clinton, Iowa. 


GOODFRIEND, IRVING FREDERICK, student, Columbia University, New 
York City. 


Gray, Otis K., foreman, Remy Electric Co., Anderson, Ind. 
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Gross, CLETUS, service manager, 
Dayton, Ohio. 


Welbon Dayton Motor Car Co., 


Grosser, NELSON O., service engineer, B. Robinson Supplies, Ltd., 
Moose Jaw, Saskatchewan, Canada. 


GULF REFINING Co., Pittsburgh. 


HANNwuM, G. H., president and general manager, Oakland Motor 
Car Co., Pontiac, Mich. 


HARWELL, ERNEST WILLIE, student, Georgia School of Technology, 
Atlanta, Ga. 


HENRY, JAMEs S., student, Georgia School of Technology, Atlanta, 
Ga. 


HERBRAND Co., Fremont, Ohio. 


HIGGINS, JAMES J., parachute engineer, Air Service, McCook Field, 
Dayton, Ohio. 


HILGEDICK, RALPH V., 


technician, Stockland 
Minneapolis. 


Road Machinery Co., 


Hiscox, Davip C., student, Georgia School of Technology, Atlanta, 
Ga. 


HoFFMAN, RosBert G., engineer, Rochester Motors Corporation, New 
York City. 


HOLWERDA, HARLEY C., student, Purdue University, Lafayette, Ind. 


Hor!, HISASHI, 


chief engineer, 
Japan. 


Yanese Automobile Co., Tokyo, 


. 


HusING, HENRY A., draftsman, Holt Mfg. Co., Stockton, Cal. 


INGALLS, H. D., assistant superintendent, Air Mail Field, Cheyenne, 
Wyo. 


ISDAHL, EINAR, student, University of Wisconsin, Madison, Wis. 


JOHNSON, 


PHILIP B., 
Ohio. 


student, Ohio State University, Columbus, 


KELLOGG, 


H. DupLey, JrR., student, Yale University, 
Conn. 


New Haven, 


KINSEY, KENNETH Harry, student, Purdue University, Lafayette, 
Ind. 


KLOVER, PETER A., instructor airplane mechanics, United States 
Civil Service, Rantoul, Ill. 


KNOWLTON, DALLAS, student, Purdue University, Lafayette, Ind. 


LAKE, ENSIGN BuRTON G., U. S. S. Wright, care Postmaster, New 
York City. 


LANDES, JAMES U., engineer, Standard Oil Co., Portland, Ore. 


LATIMORE, D. S., student, Alabama Polytechnic Institute, Auburn, 
Ala. 
LEHMAN, 


MILTON S., 
Ohio. 


student, Ohio State University, Columbus, 


Lock woop, RALPH G., patent lawyer, Lockwood & Lockwood, In- 
dianapolis. 


MAEKAWA, EIICHI, electrical engineer, Tokyo, Japan. 
MAGRAW, GEORGE F., draftsman, Packard Motor Car Co., Detroit. 
MATSUMOTO, AKIYOSHI, engineer, Dodge Bros., Detroit. 


MILLER, GEORGE LEE, vice-president and works manager, 
Mfg. Co., Canton, Ohio. 


Gilliam 
MILLS, HARVEY FRETZ, student, Purdue University, Lafayette, Ind. 


MoE, ORION G., student, Leland Stanford, Jr., University, Stanford 
University, Cal. 


NAKASHIMA, CAPT. ToTaro, Motor Transport Corps, Imperial Jap- 
anese Army, Setagaya, near Tokyo, Japan. 


Nutt, Forrest H., student, Purdue University, Lafayette, Ind. 


PACKARD, JOSEPH A., student, University of Michigan, Ann Arbor, 
Mich. 


PATTERSON, JACK WATKINS, student, Georgia School of Technology, 
Atlanta, Ga. 


PECK, NELSON CHAFFEE, student, Yale University, New Haven, 
Conn, 

PERKINS, ERNEST DELLA, student, University of Michigan, Ann 
Arbor, Mich. 


i -  eaes D., student, University of Washington, Seattle, 
Tash. 


PHILLIPS, WILLIAM RuSSELL, JR., student, Georgia School of Tech- 
nology, Atlanta, Ga. 


saa Davemn MEREDITH, branch manager, Ahlberg Bearing Co., 
oledo. 


REYBURN, JOHN R., engineer, American Chain Co., Bridgeport, Conn. 


RHAME, P. W., instructor, University of Minnesota, Minneapolis. 
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Riees, HAROLD T., student, Purdue University, Lafayette, Ind. 
Ross, WALTER Davip, student, Purdue University, Lafayette, Ind. 
Rossin, Maurice S., student, Purdue University, Lafayette, Ind. 


Roru, Georce F., factory manager, Anchor Top & Body Co., Cin- 
cinnati. 


Rurr, EDWARD ALBERT, student, Ohio State University, Columbus, 
Ohio. 


Scuapt, E. K., electric engineer, Cadillac Motor Car Co‘., Detroit. 


ScuHNerRR, J. J., manufacturer of gears and automobile parts, J. J. 
Schnerr Co., Inc., San Francisco. 


ScHWIZER, PAUL EUGENE, student, Polytechnic Institute of Brook- 
lyn, Brooklyn, N. Y. 


SENDELBACH, EDWARD C., manager of wheel department, Hopkins 
Mfg. Co., Hanover, Pa. 


SHELLER, GEORGE A., service manager, William Parkinson Motor 
Sales Co., New York City. 


SHICK, WILLIAM KENNETH, student, Purdue University, Lafayette, 
Ind. 


Simpson, E. L., president and engineer, E. L. Simpson, Ltd., Mon- 
treal, Que., Canada. 


SLOCOMBE, W. VERNON, assistant engineer in charge of production, 
Turbulator Corporation, Chicago. 


SoL_tT, VIVIAN M., builder of racing cars and student, Solt Motors, 
Manhattan, Kan. 


SPRING, FRANK S., chief engineer, Courier Motors Co., Sandusky, 
Ohio. 


STENBERG, THORNTON R., sales representative, Walden-Worcester, 
Inc., Worcester, Mass. 


STEVENSON, Ross J., student, University of Illinois, Urbana, IIl 


STRAIN, CLIFFORD, student, Stevens Institute of Technology, Ho 
boken, N. J. 


SWANSON, RAYMOND E., student, Purdue University, Lafayette, Ind 
Tay.or, J. H., student, Purdue University, Lafayette, Ind. 


TAYLOR, ROBERT HUGH, assistant chief engineer, Universal Boiler 
Co., Denver, Col. 


TERMAN, MarRK J., student, Purdue University, Lafayette, Ind. 
TEXTILEATHER Co., New York City. 

THOMAS, THEODORE P., student, Purdue University, Lafayette, Ind. 
THOMPSON, GORDON B., student, Purdue University, Lafayette, Ind. 
Topp, FILLMORE W., president, Accessories Mfg. Co., Chicago. 


VIDALIE, RENE M., designer-engineer, Doble Steam Motors, 
Francisco. 


Saan 
WALLACE, BERNARD W., student, Purdue University, Lafayette, Ind 
WiepBErG, T. C., student, Purdue University, Lafayette, Ind. 
WILcox, Frep A., engineer, Advance-Rumely Co., La Porte, Ind 


WILKINSON, JAMES MCCLELLAN, student, Georgia School of Tech- 
nology, Atlanta, Ga. 


WILLIAMS, EMERSON Marion, student, University of Michigan, Ann 
Arbor, Mich. 


ness gy WALTER BRIAN, student, Purdue University, Lafayette, 
Ind. 


WoRMLEY, HAROLD W., assistant carbureter engineer, Cadillac Motor 
Car Co., Detroit. 
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Applicants 
Qualified 


The following applicants have qualified for admission 
to the Society between Oct. 10 and Nov. 10, 1922. The 
various grades of membership are indicated by (M) Mem- 
ber; (A) Associate Member; (J) Junior; (Aff) Affiliate; 
(S M) Service Member; (F M) Foreign Member; (E S) 
Enrolled Student. 











ANTHONY, JOHN Epwarp (M) designing engineer, tractor works, 
International Harvester Co., Chicago, (mail) 4112 West Jack- 
son Boulevard. 


3EAN, WILLIAM LLOYD (M) mechanical assistant to president, New 
York, New Haven & Hartford Railroad, New Haven, Conn. 


BREWSTER, WILLIAM (M) president, Brewster & Co., Bridge Plaza, 
Long Island City, N. Y. 


BROWN, JOHN W. (A) general manager, John W. Brown Mfg. Ce., 
Columbus, Ohio. 


BUTCHER, HAROLD E. (A) sales manager, Champion Spark Plug Co., 
Toledo. 


ButTtrrick, W. B. (A) chief mechanic and superintendent, Miller 
North Broad Storage Co., Philadelphia, (mail) 1521 Venango 
Street. 


CoLEY, GLENN (A) metallurgist, Timken-Detroit Axle Co., 136 Clark 
Avenue, Detroit. 


HoLz, Frep C. (A) service inspector, Gomery-Schwartz Motor Car 
Co., Philadelphia, (mail) 157 North 20th Street. 


JACKSON, E. F. (A) manager of manufacturers sales, Goodyear 
Tire & Rubber Co., Inc., Detroit, (mail) 2817 East Grand 
3oulevard. 


Lutz, Eart C. (M) assistant superintendent, International Har- 
vester Co., Chicago, (mail) 1913 South 49th Avenue, Cicero, Ill. 


NATIONAL MALLEABLE CASTINGS Co. (Aff) 10,600 Quincy Avenue, 
Cleveland. 
Representatives: 
Bellman, W. B., sales agent, Toledo. 
Hiatt, H. I., sales agent, Chicago. 
Slater, James A., assistant manager of sales. 
Wasson, 8S. C., sales agent, Indianapolis. 


NEAL, JAMES BENSON (M) manager, Norton Laboratories, Inc., 

Lockport, N. Y. 

Norwoop, H. E. (M) general manager and engineer, Perfect Win- 
dow Regulator Co., 20 Exchange Place, New York City. 


SMITH, STANFORD ALLEN (M) chief inspector, Lexington Motor Co., 
Connersville, Ind. 


STREETER, EDWARD L., JR. (A) general manager, J. N. LaPointe Co., 
New London, Conn., (mail) 85 Squire Street. 


TAKAO, SHIGEZO (F M) engineer, Takao Iron Works Co., Kobe, 
Japan, (mail) Oishi near Kobe, Japan. 
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MAINTAINING an aver- 
age of 206 miles per 
hour—a speed so terrific that 
it established a new World’s 
record—a Curtiss Army-Plane 
equipped with a Wyman- 
Gordon Crankshaft captured 
the coveted Pulitzer Trophy 
at Detroit on October 14th. 


Another Curtiss Plane finished 
second, This also was equip- 
ped with a Wyman-Gordon 


Crankshaft. 


And then in quick succession, 


third and fourth places also 
went to Curtiss Machines— 
these, too, equipped with 
Wyman -Gordon Crankshafts. 


Thus, the truth of our oft- 


repeated statement is proved 


again—-“ There is no sub- 


stitute for Wyman - Gordon 


Quality.” 


WYMAN-GORDON 
The Crankshaft Makers 


WORCESTER - DETROIT 
HARVEY - CLEVELAND 
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KERITE 


A product of 
over fifty years 
distinguished ser 
vice inthe most 
important elec 
trical fields, pos- 
sessing inherent 
characteristics 
which make it 
pre-eminently 
desirable for 
fish Tension 
Automotive 
lgnition 


KERITE 


INSULATED WIRE & CABLE 


COMPANY 


NEW YORK CHICAGO 


ren 








THE JOURNAL OF THE 


Increasing Recognition 


of the 


IMPORTANCE 
OF ELIMINATING 
Vibration 


is evidenced by the number of large 
automotive manufacturers who, dur- 


ing the year just ending have in- 


NWA 


Balancing Machines 


stalled 


Competitive trials have repeatedly 
demonstrated that the NWA (N. W. 
Akimoff) Balancing Machine was su- 
preme, both as regards precision and 
production. 


There has never been an instance 
where the NWA Balancing Machine 
has been discarded in favor of any 
other machine. 


The unit cost of balancing crankshafts 
and flywheels on the highly produc- 
tive NWA Balancing Machine is so 
low that no progressive automotive 
manufacturer can afford to ignore the 
incaiculable advantages arising from 
the addition of this refinement in the 
production of his cars. 


Write for illustrated booklet 
“Eliminating Vibrations” 


VIBRATION 
SPECIALTY COMPANY 


N. W. Akimoff, President 


Harrison Building, Philadelphia, Pa. 
Trade Mark 
Registered U. S. A. 
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Personal Notes 
of the 


Members 





Items regarding changes in business connections, 
promotions, etc., are desired from the membership for 
insertion in these columns. This will enable members 


to keep their friends informed of their whereabouts and 
will also assist in keeping the records of the Society 
up to date. 


—$$__ $$ —— —————— 


D. M. Ackerlind is no longer designer and layout man for 
the H. H. Franklin Mfg. Co., Syracuse, N. Y., but has become 
designer in the tank, tractor, trailer and artillery vehicle 
mount section of the Ordnance Department, Rock Island 
Arsenal, III. 


Alfons A. Altenberg has been appointed chief engineer and 
production manager for the Falls Motors Corporation, She- 
boygan Falls, Wis. He was formerly head of the engineering 
department of the Kohler Co., Kohler, Wis. 

W. F. Anklam, secretary and general manager of the C. M. 
Hall Lamp Co., Detroit and Kenosha, Wis., was elected presi- 
dent of this company. He relinquishes the position of secre- 
tary, which he has held for the past 12 years, but will continue 
to act as general manager. 

Carroll M. Aument has accepted a position as engineer with 
the International Motor Co., New York City. 

Dickerson G. Baker, until recently practicing consulting 
engineering in Willimantic, Conn., is now mechanical engi- 
neer with the American Thread Co., Fall River, Mass. 

Peter Barbeck has severed his connection with the F. V. F. 
Machine Works, New York City, where he was master me- 
chanic, and has been made vice-president and general man- 
ager of the Aetna Auto Engineering Corporation, 217 West 
64th Street, New York City. 

J. B. Bartholomew, president of the Avery Co., Peoria, IIl., 
was elected president of the National Association of Farm 
Equipment Manufacturers at its recent annual meeting. 

Ernest A. Bell has been made superintendent of the Canada 
Cycle & Motor Co. (Victoria), Proprietary Ltd., Melbourne, 
Victoria, Australia. He was formerly general manager and 


chief engineer of the Globe Motor & Taxi Co., also of Mel- 
bourne. 


Charles J. Biddle has been appointed factory superintendent 
of the Sunset Mfg. Co., Berkeley, Cal. He previously at- 
tended the California Institute of Technology, Pasadena. 


F. E. Booth has been promoted from assistant sales man- 
ager to sales manager of the motor bearings division of the 
Hyatt Roller Bearing Co., Detroit. 


Bruce Borland has been appointed consulting engineer for 
the Chicago Car Seal Co., Chicago. 


In connection with the reorganization of the American 
Metal Parts Corporation, Boston, Mass., as the American 
Metal Parts Co., Joseph Bornstein has been appointed vice- 
president, works manager and chief engineer. He was presi- 
dent, works manager and chief engineer of the American 
Metal Parts Corporation. 


F. M. Boyd, who was formerly manager, secretary and 
treasurer of the Motor Parts Corporation, Baltimore, is now 
doing engineering work on his own account in that city. 

Joseph W. Bramwell has made arrangements with the Na- 


tional Scale Corporation, Chicopee Falls, Mass., whereby he 
will represent it in Philadelphia. 


(Continued on p. 4) 
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ESTS in a laboratory are only partly conclu- 


sive. Service tests are final. 


Besides all its other merits as a gear-box lubri- 
cant, DIXON’S 677 has the peculiar, unique 
quality of smothering the cutting action of road 
dust and metal particles which are present in 
all gear-boxes after a little road service. 


This quality is proved to a positive certainty by 
tests which are indisputable. Every automotive 
engineer should write for more facts about this 
unequalled gear lubricant. 


Joseph Dixon Crucible Company 
Jersey City, N. J. DOK Established 1827 
Makers of Quality Lubricants 


For Spur and Bevel Gears Use Dixon’s Gear Lubricant No. 677 
For Worm Drives Use Dixon’s Gear Oil No. 675 
For Universal Joints Use Dixon’s Grease No. 672 
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Non-Dilution of 
Lubricating Oil 


The moderate compression of Climax En- 
gines reduces leakage of fuel to crank case, 
eliminating dilution of oil. This is just one 
of many operating features which make 





THE “TRUSTWORTHY” ENGINE 


Moderate Speed — Heavy Duty 
25 to 80°H.P. 


Kerosene or Gasoline 
No Regular User of Climax Engines has 
ever changed to any other make. 


i rite for catalog. 


CLIMAX ENGINEERING CO. 


12 West Eighteenth Avenue, Clinton, Iowa 


Makers of Internal Combustion Engines for 
automotive and industrial power purposes 








Fitch Four Drive Tractor with Rubber Tires 
Four Drive Tractor Co., Big Rapids, Mich. 
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John S. Burdick, formerly vice-president and general man- 
ager of the Buffalo Body Corporation, Buffalo, has been 
elected president and general manager of the Burdick-Atkin- 
son Corporation, which has been incorporated to manufacture 
steel wire springs for automobile upholstery at Hamburg, 
mn. &: 

Ralph B. Burton has accepted a position with the White 
Motor Co., Cleveland. 

Ernest F. Carlson is engaged in testing work in the power- 
plant of the Minneapolis Street Railway Co., Minneapolis. 
He formerly attended the University of Minnesota. 

Peter C. Christman has severed his connection with the 
Canadian General Electric Co., Toronto, Ont., Canada, and 
has been appointed sales engineer for the Brown Engineering 
Corporation, also of Toronto. 

Charles W. Claassen has accepted a position as service 
manager for the Bauer Auto Sales Co., Cincinnati, Ohio. 

R. W. Cory is now affiliated with the Western Electric Co., 
Chicago. 

Stanley R. Cummings has been appointed instructor of 
mechanical engineering at Lafayette College, Easton, Pa. 
He was previously assistant professor of mechanical engi- 
neering at Oregon State Agricultural College, Corvallis, Ore. 

S. J. DeFrance has become junior aeronautical engineer 
with the National Advisory Committee for Aeronautics, Lang- 
ley Field, Hampton, Va. He formerly attended the Univer- 
sity of Michigan, Ann Arbor, Mich. 

Albert H. Deimel, until recently experimental engineer for 
the Chrobaltic Tool Co., Michigan City, Ind., has accepted a 
position as designer for the Buda Co., Harvey, IIl. 

Eric H. Delling, who was formerly chief engineer of the 
Stanley Motor Carriage Co., Newton, Mass., has been made 
vice-president and chief engineer of the Delling Motors Co., 
Philadelphia. 

Albert F. de Maringh has accepted a position as sales man- 
ager for the Thermo Vacuum Systems, Detroit. He was pre- 
viously sales engineer for Marburg Bros., Inc., New York City. 

Clifford H. Dengler, formerly head engine designer for the 
Fox Motor Car Co., Philadelphia, is now associate engineer 
with the Automotive Engineering Consultants, also of Phila- 
delphia. 

Robert M. de Vignier has accepted a position as engineer 
with the duPont Motors, Inc., Moores, Pa. 

James J. Dimeo has been made production manager for 
the Dura Co., Toledo, Ohio. Until recently he was manager 
for Jaxon Co., also of Toledo. 

Walter E. Dugan, formerly manager of the Cincinnati axle 
plant of the Standard Parts Co., Cleveland, has been elected 
vice-president and general manager of the Shuler Axle Co., 
Louisville, Ky. 

Fay A. Dun, who was previously instructor in the Ohio 
State University, Columbus, is now engaged in doing produc- 
tion and design work for the Groeniger Mfg. Co., also of 
Columbus. 

C. M. Eason has severed his connection with the Samson 
Tractor Co., Janesville, Wis., where he held the office of vice- 
president. He has not announced his plans for the future. 

Robert D. Easton has become chief engineer for the Brandt 
Mfg. Co., Watertown, Mass. He was formerly designer and 
engineering draftsman for the General Tractors, Inc., Chicago. 

Clyde L. Edwards has been made chief inspector for 
Canadian Products, Walkerville, Ont. 

Lewis G. Fairbank, who previously was vice-president and 
manager of the Firestone Steel Products Co., Akron, Ohio, 


is now sales manager of the Firestone Tire & Rubber Co., 
also of Akron. 


(Continued on p. 6) 
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— Automobiles enjoy 
that prestige which comes 
only toa product which has rendered 
a superlatively excellent service over a 
long period of years. 


It is a matter in which we take con- 
siderable pride that S. R. B. Ball 
Bearings are an integral part of all 
Marmon Automobiles. 










STANDARD STEEL AND BEARINGS 
INCORPORATED * PHILADELPHIA, PA. 


Operating Under Conrad Patents 
S. R. B. Bearings are serviced by the branches o 
8 "y 


The Standard Sales and Service Company 
throughout the United States. 
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“Tuose who have experi- 
enced the just as good kind, 
now demand Hoover Balls.”’ 





STEEL 
BRASS 
BRONZE 
MONEL METAL 
BELL METAL 
ALUMINUM 
HOLLOW BALLS 


The Worlds Largest Manufacturer 


Hoover Steel Ball Co. 


ANN ARBOR, MICH. 


as Gd oid be eb 6 06 00 46% 180 N. Market St. 
I odin ce ceee es eee 259 Middle City Bldg. 
ec oba ee ccwee ee es 3124 Edgehill Road 
CC re ee Sanford Brothers 
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F. B. Farquharson has accepted a position as draftsman 
with the Kirsten Boeing Engineering Co., Seattle, Wash. He 
formerly attended the University of Washington, Seattle. 


D. C. Fleming has been appointed district service and sales 
manager for the Phelps Light & Power Co., Rock Island, IIl. 
He was formerly superintendent of instruction in the automo- 


bile school maintained by the Young Men’s Christian Associa- 
tion at Davenport, Iowa. 


O. L. Formigle has resigned as chief engineer for the 
Wichita Motors Co., Wichita Falls, Texas. His plans for the 
future have not been announced as yet. 


Charles P. Friedrich is attending the University of Pitts- 
burgh, as a special student in the school of engineering. He 
was previously aeronautic draftsman and designer in the 
Naval Aircraft Factory, League Island Navy Yard, Phila- 
delphia. 


Otis_C. Friend, who was formerly supervisor of sales for 
the R. L. Dollings Co., Columbus, Ohio, has become asso- 
ciated with the Paige & Jones Chemical Co., Chicago. 


A. H. Frost has severed his connection with the Cox Brass 
Mfg. Co., Albany, N. Y., where he was sales engineer. His 
plans for the future have not been announced. 


H. B. Garman has been elected president and general 
manager of the Garman Mfg. Co., Detroit. 


H. H. Gildner has been appointed district manager of sales, 
with headquarters at Chicago, for the Timken Roller Bearing 
Co., Canton, Ohio. 


R. J. Gilmore has become affiliated with B. J. Baker & Co., 
30ston. He was formerly president of Hare’s Motors of 
New England, also at Boston. 


Jacob E. Gramlich, who was previously chief engineer and 
factory manager for the Sanford Motor Truck Co., Syracuse, 
N. Y., has become chief engineer for the Watson Truck Cor- 
poration, Canastota, N. Y. 


G. A. Green has resigned as vice-president and general 
manager of the Fifth Avenue Coach Co., New York City, to 
accept a similar office with the Chicago Motor Bus and 
American Motor Bus Mfg. companies, Chicago. 

F. Walter Guibert has been appointed sales manager of the 
Detroit office of the Interstate Iron & Steel Co., Chicago. He 
formerly held a similar position in Detroit for the Massillon 
Rolling Mill Co., Massillon, Ohio. 


Leon J. D. Healy is no longer technical manager of the 
Racine Auto Tire Co., Racine, but has been made secretary 
and treasurer of the Wright Rubber Products Co., also of 
Racine. 

The offices of the Heckman Signal Co., of which William E. 
Heckman is secretary and engineer, have been removed from 
Denver, Col., to 117 Bowen Street, St. Louis. 

Bradford B. Holmes has accepted a position as development 
engineer for the Brunswick Refrigerating Co., New Bruns- 
wick, N. J. 


George H. Houston has been elected president of the Gen- 
eral Sugar Co., Havana, Cuba. 

J. A. Howlett has been made service manager for Gray-Dort 
Motor Sales, Chatham, Ont. 

Henry M. Hubbard has been appointed supervisor of draft- 
ing for the White Motor Co., Cleveland. 

Lindley D. Hubbell has severed his connection with the 
Hendee Mfg. Co., Springfield, Mass. No announcement has 
been made of his future plans. 

Thomas Jackson, who was formerly draftsman for the Holt 


Mfg. Co., Peoria, Ill., has accepted a similar position with the 
Russell Motor Axle Co., Detroit. 


(Continued on p. 8) 
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Look towards the street before 
crossing the entrance driveway 
of a garage or service station. 
A car may just be turning in 
from the street. A moment’s 
caution will assure your safety 


T is incumbent on 
the motorist turn- 
ing in from the street 
to warn pedestrians on 
the sidewalk. This is es- 
pecially true if they are 
proceeding in the same 
direction as your car. 
Give them timely warn- 
ing from your Klaxon. 
Klaxon is synonymous 
with safety for all. 
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For Open and Closed Bodies 


Cowl ventilators have been accepted as necessities 
by motorists. The SERVICE Cowl Ventilator meets 
every demand of the motorist. It is leak-proof and 
rattle-proof. The spring holds the cover in any 
desired position or tightly closed. Three turns of 
the knob operate it over its entire range. 


Of best material and careful manufacture, it lends 
itself readily to installation, and harmonizes per- 
fectly with any class of car and type of body. 


An illustrated detailed folder will be mailed if re- 
quested. 


“SERVICE” 
FANS 


If you have cooling problems, 
SERVICE Flood Oiling Fans 
will solve your difficulties. 


They have plain bearings, run- 
ning in a bath of oil; seldom 
need replenishing, and give 
quiet and efficient service. 


Consult us on your cooling 
problems. 





Service Products Corporation 


Indianapolis, Indiana 
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Jesse M. Jenkins, having been graduated from Purdue 
University, Lafayette, Ind., is now inspector for the Western 
Electric Co., Chicago. 

John Erik Jonsson, who took a course in mechanical engi- 
neering at Rensselaer Polytechnic Institute, Troy, N. Y., has 
accepted a position as mechanical engineer in the operating 
department of the United States Aluminum Co., Alcoa, Tenn. 

Frank A. Kateley has become associated with the Auto- 
motive Corporation, Toledo, Ohio. Previously he was presi- 
dent and general manager of the Fremont Motors Corpora- 
tion, Fremont, Ohio. 

Andrew L. Kimball, who was formerly automobile salesman 
for the Thompson Auto Sales Co., Detroit, has been appointed 
district sales manager, wjth headquarters in that city, for the 
Wheeler-Schebler Carbureter Co., Indianapolis. 

Adolph Klein has resigned his position as chief draftsman 
for the Fifth Avenue Coach Co., New York City, and has 
associated himself with the Klein Printing Co., also of New 
York City. 

V. C. Kloepper, who was formerly designing engineer with 
the Dorris Motor Car Co., St. Louis, has severed his connec- 
tion with that organization. He has not announced his plans 
for the future. 

Louis ‘Il. Knocke has severed his connection with the Falls 
Motors Corporation, Sheboygan Falls, Wis., where he was 
chief engineer. His plans for the future have not been an- 
nounced as yet. 

Louie F. Koellner, who was until recently draftsman for 
the Fulton Iron Works, St. Louis, has accepted a similar 
position with the Traffic Motor Truck Corporation, also of St. 
Louis. 

Charles W. Kramlich is now affiliated with the Fafnir 
Bearing Co., New Britain, Conn., as sales engineer covering 
Wisconsin and Minnesota. He was formerly assistant chief 
engineer with the U. S. Ball Bearing Mfg. Co., Chicago. 

A. J. Langhammer has been appointed mechanical super- 
intendent of the C. G. Spring & Bumper Co., Kalamazoo, 
Mich. He was formerly consulting engineer for Thompson & 
Worley, Detroit. 

George L. Lavery has been appointed general manager of 
the Tire and Rim Association of America, Inc., and will in 
the future be located at the offices of the association, 537 
Leader-News Building, Cleveland. He was formerly man- 
ager of the steel wheel department of the West Steel Cast- 
ing Co., also of Cleveland, with which he has been associated 
for the past 10 years, and will continue to act as its consult- 
ing engineer. 

William V. Lowe has accepted a position as engineer sales- 
man for the Consumers Service Station’s Consolidated, Boston. 

James Lynah has been made assistant director in the pur- 
chase section as well as a member of the advisory staff of the 
General Motors Corporation, Detroit. He was formerly vice- 
president and treasurer of Barnard-Lynah, Inc., New York 
City. 

George L. McCain has severed his connection with Colonial 
Motors, Ltd., Windsor, Ont. 

W. J. McVicker has been made superintendent of the plant 
of the Minneapolis Threshing Machine Co., Minneapolis, at 
Hopkins, Minn. He was previously consulting engineer and 
general manager for the McVickers Engineering Co., also of 
Minneapolis. 

F. H. Marmon has become associated with the Nordyke & 
Marmon Co., Indianapolis. He attended the Massachusetts 
Institute of Technology, Cambridge, Mass., until recently. 

Robert H. Martin, who was formerly president of the South- 
eastern G. M. C. Truck Co., Atlanta, Ga., now holds a similar 
office in the Martin-Nash Motor Co., also in Atlanta. 

(Continued on p. 10) 
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MAVSONVS 
Window Regulator 


PATENT PENDIN 


The Most Practical 
Window Regulator 
Ever Offered 


LL the troubles and _ bother- 
some annoyances you have 
had with automobile win- 

dow regulators in the past can now 
be completely forgotten. 


The introduction of the Parsons 


Window Regulator makes this pos- 
sible. 

Here is a window regulator that 
is absolutely trouble-proof in every 
sense of the word. It is compact, 
light and the simplest kind of an 
ingenious invention. 

Operates through a set of gears— 
no chains or other intricate mechan- 
ical appliances to get out of order. 

Installation can be made in a few 


minutes. An ordinary mechanic 
can do the job. 





Let us show you how to save 
money, not only on the purchase of 
the regulator, but also on its install- 
ation. 








QUALITYSERVICE 
\(/-f \.\ V 






The Parsons Window Regulator 
has already been adopted by some 
of the largest automobile manufac- 
turers. We are in large production 





now. 
t Write at once for details and at- 
tractive quotations. 
f 
| fodpmnins — Sete Parsons Manufacturing Company 
& raciica . . . 
Ss Manufacturers of high grade Detroit, Michigan 
automobile hardware. Chicago Office: 5 South Wabash Ave., Mallers Bldg. 
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FRANKLIN 


*“A Metal for 


Each Requirement ’”’ 


The parts produced for the Uebler Milking Machine 
Company are an example of the carrying out of our 
principle: “‘The Right Metal for Each Requirement.” 
In the production of the four parts three different 
metals are used. The claw, through which the milk 
passes, is made from a special acid-proof alloy whose 
basic element is tin. The valve chamber in which 
the piston operates is made from a special bearing 
aluminum alloy having the necessary anti-friction 


qualities to resist the wear of the pistons, while the 
two remaining parts are made from a standard 
aluminum-copper alloy. It is in meeting such diver- 
sified requirements that the 30 years’ experience 
of the Franklin Die-Casting Corporation proves of 
greatest value. 


With the addition of a special process for the 
production of finished brass castings the range now 
includes brass, bronze, aluminum, tin, lead and zinc 
base alloys. Let us solve your die-casting problems. 
We quote from samples or blue-prints. Write 
for booklet: ‘‘Franklin Die-Castings in Modern 
Inventions.” 


FRANKLIN DIE-CASTING CORPORATION 
Gifford and Magnolia Streets Syracuse, N. Y. 
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Eugene L. Mench, Jr., has accepted a position as designing 
engineer for the Service Motor Truck Co., Wabash, Ind. 

Clarence W. Miller, who was previously chief engineer of 
the A. Howard Co., Galion, Ohio, has become affiliated with 
Robert H. Hassler, Inc., Indianapolis. 

Sherod S. Noe has become associated with the Aero Prod- 
ucts Co., New York City, in the capacity of general manager 
and chief engineer. He was formerly chief engineer for the 
Tool & Auto Products Co., Cleveland. 


W. T. Norton, Jr., has been appointed chief engineer of 
the L. M. Axle Co., Cleveland. 


Arthur D. Osborne, who was until recently connected with 
the Apsco Service, New York City, has accepted a position 
with the Patterson-Andress Co., also of New York City. 

John F. Palmer has become affiliated with the Hewitt 
Rubber Co., Buffalo, N. Y. 


“"E. L. Peterson, who was formerly machine designer for the 
Western Electric Co., Chicago, is now tool designer for the 
Addressograph Co., also of that city. 


E. M. Pfauser has accepted a position as designing engineer 
for the Valley Iron Works Co., Appleton, Wis. He was 
previously engineer in charge of design for the International 
Cultivator Corporation, Oshkosh, Wis. 


Augustus G. Prosperi has been made vice-president and 
sales manager of the Oakland Sales Co., Tampa, Fla. His 
previous position was that of retail sales and service manager 
for the Oakland Motor Car Co., Atlanta, Ga. 


Louis P. Prossen was recently elected president and treas- 
urer of the Shaw Cab Motor Service, Inc., New York City. 
He was previously secretary and treasurer of the Orteig 
Motor Co., Inc., also of New York City. 


Leon H. Reed, who was temporarily connected with the 
Salisbury Axle Co., Jamestown, N. Y., has accepted a position 
with the Kurtz Motor Car Co., Cleveland. 


Cyril Rhodes has joined the engineering department in 
Plant No. 1 of the Studebaker*Corporation of America, South 
Bend, Ind. He recently attended Cornell University, Ithaca, 
N. Y. 

Earl C. Rieger has accepted a position as tool detailer in 
the tractor works of the International Harvester Co., Chicago. 
He formerly attended the Armour Institute of Technology in 
that city. 

Walter C. Robbins, who until recently was general manager 
for the Eberhart Steel Products Co., Buffalo, N. Y., is now 
president and general manager of the W. C. R. Engineering 
Co., also of Buffalo. 


Harry Rose has been engaged as Lincoln sales manager by 
the F. F. Wood Motor Co., Grand Rapids, Mich. He was 
previously business manager for the W. D. Block Motor Co., 
also of Grand Rapids. 

R. S. Russell has joined the forces of the Barley Motor Car 
Co., Kalamazoo, Mich., and is doing designing in connection 
with new Barley six and taxicab projects. 

P. R. Sandieson, who was formerly engineer for the Pitts- 
burgh Model Engine Co., Pittsburgh, has become associated 
with the Standard Steel Car Co., Butler, Pa. 

F. J. Searr, until recently assistant superintendent of motor 
vehicles for the Standard Oil Co. (N. J.), at Baltimore, has 
been appointed transportation engineer for the Motor Haul- 
age Co., New York City. 

Clifford J. Schlafman has accepted a position as tool de- 
signer and checker for the Federal Tool & Machine Co., Day- 
ton, Ohio. He attended the Ohio State University, Colum- 
bus, prior to this. 

F. A. Schumann has accepted a position as mechanical 
engineer for the Studebaker Corporation of America, South 
Bend, Ind. 


(Concluded on p. 12) 
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This nameplate is rec- 
ognized as standing 
for the utmost in 
quality and depend- 
ability of heater 
equipment. 


There's No Guess Work in Perfection Heaters 


Skilled engineering can partially establish the 
proper design and specifications of materials to 
be used in heater construction. There remains, 
however, a more valuable knowledge which is 
gained only by experience. 


Such experience results in a positive knowledge 
of what to do and what not to do in heater design 
and manufacture. 


Twelve years continuous production of Per- 
fection Heaters has given us an experience in 


manufacturing heaters that cannot be “picked up” 
in a day. 


The accumulated experience of the Perfection 
organization is a measure of safety and service 


to car engineers which cannot be secured from 
any other source. 


The Perfection Heater & Manufacturing Co. 
6545 Carnegie Avenue on st Cleveland, Ohio 


PERFECTION. 


MOTOR CAR 


EATERS 
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THE 
INIMETER 











A Precision 
Measuring Instrument 


Combining Scientific Exactness 
with Commercial Adaptability 


After once being set to a standard, it elimi- 
nates the personal error and permits precision 
measurements to be made with great rapidity. 
It brings to the measurement of ordinary bench 
and machine work the precision hitherto not 
available even by elaborate and costly methods. 


Measures to 1/10,000 of an inch 


The booklet will be sent 
on request 


THE NYURMA. CUMPANY 
VF AMERICA 


Anable Avenue 
Long Island City New York 
BALL, ROLLER AND THRUST BEARINGS 
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W. L. Scribner has become associated with the Coats Steam 


Car Co., Chicago, and is located at the sales office in Columbus, 
Ohio. 


Ralph H. Sherry is engaged in consulting practice as a 
metallurgical and industrial engineer with headquarters at 
Elizabeth, N. J. Formerly he was metallurgical engineer 
with the General Motors Corporation and more recently with 
the Willys Corporation. 

Lon R. Smith has resigned as vice-president in charge of 
sales and advertising of the Midwest Engine Co., Indianapolis. 
His plans for the future have not been announced as yet. 

Mark A. Smith, who was formerly sales engineer of the 
Midwest Engine Co., Indianapolis, has become affiliated with 
the American Motor Truck Co., Newark, Ohio, in the capacity 
of executive of a new division known as the motorbus division. 

P. W. Steinbeck has resigned as body engineer for the 
H. H. Babcock Co., Watertown, N. Y., to accept a position 
with the American Body Co., Buffalo, N. Y. 

Charles E. Stoddard has severed his connection with the 
American Steam Truck Co., Chicago, where he was doing 
designing and laying out steam passenger cars. He has not 
announced his plans for the future. 

Stuart J. Thomas has accepted the position of superin- 
tendent of the Crosley Mfg. Co., Cincinnati, Ohio. 

G. K. Throckmorton has been made vice-president and treas- 
urer of Herbert H. Frost, Inc., Chicago. He was formerly 
manager of the electric plant department of the Sears, Roe- 
buck Co., also of Chicago. 

Paul C. Tietz has accepted a position as die-casting engi- 
neer for the H. G. Saal Co., Chicago. He was previously tool 
designer for the Aermotor Co., also of Chicago. 

Fred I. Tone has severed his connections with C. H. Wills 
& Co., Marysville, Mich., where he has been engineering 
executive during the development and production of the Wills 
Sainte Claire car. No announcement has been made of his 
future plans. 

Ethan Viall has been appointed Ohio editor of the Ameri- 
can Machinist, with headquarters at Cincinnati. This marks 
his return to the editorial staff of this publication with which 
he was connected for 11 years, being successively associate, 
Western, managing and consulting editor. In the early part 
of this year he severed his connection with that periodical to 
become general manager of T. W. Minton & Co., Barbourville, 
Ky. 

W. R. Vohrer, who was formerly designer in the ordnance 
engineering laboratory of the Holt Mfg. Co., Peoria, IIl., has 
become chief draftsman for the Sterling Engine Co., Buffalo. 

Fred W. Warner has become affiliated with the Durant 
Corporation, Pontiac, Mich. He was previously president and 
general manager of the Oakland Motor Car Co., also of 
Pontiac. 

Glenn Weller has accepted a position with the Westinghouse 
Electric Products Co., Mansfield, Ohio. He was formerly de- 
signer for the Ohio Brass Co., also at Mansfield. 

James W. Wilford is now affiliated with the Melling Forge 
Co., Lansing, Mich. Until recently he held the position of 
general manager with the Central Products Co., Detroit. 

Rex C. Willis, who was formerly tractor engine mechanical 
expert for the Standard Oil Co. (California), San Francisco, 
has been made foreman in charge for Jones & Pitzer, Seattle, 
Wash. 

George W. Winquist has joined the engineering department 
of the Panama Power & Light Co., Panama, Republic of 
Panama. He previously attended the Rensselaer Polytechnic 
Institute, Troy, N. Y. 

J. A. Young, who until recently was vice-president and 
general manager of the Dunkirk Axle Corporation, Dunkirk, 
N. Y., is now sales manager for the Willys-Morrow Co., 
Elmira, N. Y. 
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OT ONLY in the most highly de- 

veloped aeroplane engines but in the 
power plants, transmissions, differentials, 
etc., of high grade pleasure cars and motor 
trucks, deep-groove ball bearings, made 
by the Hess-Bright Manufacturing Com- 
pany, are almost invariably found. 


The heavy ball bearing rings of uni- 
form cross-section are susceptible to great 
accuracy in manufacture and maintain 
that accuracy inservice, while the form of 
cross-section gives the races great resist- 
ance against distortion and warping. 


THE HESS-BRIGHT MANUFACTURING COMPANY 


Supervised by SKF INDUSTRIES, INc. 


855 


Aeroplanes to Trucks 
Power Units Are Ball Bearing Equipped 


OF AUTOMOTIVE ENGINEERS 
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Furthermore, the depth of grooves and 
the uniform cross-section of the races 
enable a single bearing to carry heavy 
thrust loads in either direction in addition 
to a radial load. This permits either face 
to be applied to the load and makes the 
bearing fool-proof in assembly and re- 
versible in practice. 


Let our engineers co-operate in provid- 
ing your customers with the benefits of 
these inherent characteristics found only 
in deep-groove ball bearings. 


» 165 Broadway, New York City 





TA nd 


DEEP GROOVE 


BALL 


BEARING 


Races displaced to show 
DEEP - GROOVE bear- 
ing carrying maximum 
end thrust in a forward 
direction. 


Races displaced to show 
THE SAME bearing 
carrying maximum 


thrust in reverse direc- BEARINGS 
tion. 


The Highest Expression 
of the Bearing Principle 
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A silent appeal to the 
deliberate thinker 


Each week or each month you 
chart the various data on costs 
and production. 


If the lines of ‘‘Production’’ 
and ‘**Tool Cost’’ run parallel, 
you have a feeling of security. 
But, if you find those lines di- 
verging — Production UP, Tool 
Cost DOWN-—you know you 
are accomplishing d7g things. A 
large number of managers, espe- 
ciallyin the Automotive Industry, 
are making these lines deflect 





in a surprising manner. Stellite 
Cutting Tools are the reason. 

Wherever Stellite is used 77- 
creased production results. Some 
jobs show as high as 221% in- 
crease. The average is about 
30%. 

What Stellite Tools and Stellite 
Service have done for others they 
can do for you. Tell us of your 


job and we will tell you of the 


increased production you can get 
and how zo get it! 


HAYNES-STELLITE COMPANY 
Carbide and Carbon Building, 30 East 42nd Street, New York 


Peoples Gas Building, Chicago 


General Motors Building, Detroit 


4503 Euclid Avenue, Cleveland 


SIE ILILIT IE 


CUTTING TOOLS 
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American Bronze Corporation 
presents an entirely new type of 


BUSHING 


Steel-Jacketed Bronze -Lined 


After months of research, experimenting and testing, the makers of Non- 
Gran Bronze Bushings announce a new product—the ‘‘Armor Bushing,’ -a 
steel shell with a hard bronze lining. 


A way has been found to anchor a bronze lining in a steel jacket in such a 
way as to preclude any possibility of its working loose. This bronze lining is 
pressed into the steel jacket and locked in place by a novel process (patent 
applied for). This results in a unit bushing that combines the strength of 
steel with the bearing characteristics of bronze. 


Armor Bushings eliminate completely the necessity of broaching or reaming 
after assembly. Once pressed into place, they are ready for service. Con- 
traction of the bore of the Armor Bushing for a given press-fit is constant 
and can be definitely pre-determined. 





Relative con- 








TYPE , traction of in- Operations Relative Relative 
OF saan as eg side diameter |after assembly | Pressure to Pressure to 
BUSHING é in pressing or replacement press in press out 
into place 
Cast Broaching or 1g 
(Phosphor) | 22,000-25,000 14-15 2 cc 400-600 Ibs. 500-600 Ibs. 
a =P Depending up- Depending up- 
Rolled 54,000 28-32 ~ c oo gyieo Broaching or | on closeness on closeness 
ae age an Reaming of seam and of seam and 
other factors other factors | other factors 
Steel Jacket 
Steel - - 70,000 32-34 
ARMOR i gronze - 54,000 | Bronze Lining 1 None 1,400 Ibs. 1,650 Ibs. 


28-32 


This table shows the difference in the chief characteristics of Armor Bushings 
and other types of bronze bushings. 


The comparisons show just what a real advance Armor Bushings represent. 
The idea is so simple that the thought occurs—‘‘Why didn’t someone think 
of that before?”’ 

The bronze lining is distinctly hard and consequently wear-resisting. The 
scleroscope hardness (hard metals scale) is 28 to 32 as compared with 14 to 15 
for common cast bronze. 


Armor bushings are ideal for spring-eye and shackle duties. Instant approval 
and endorsement have been given by both spring makers and car manufac- 
turers to which industry the initial production will be devoted. 


Samples and complete engineering data on request. 


American Bronze Corporation 
Berwyn, Penna. 


RMO 





BUSHINGS 
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Dowen-Rinvress 


a3 EY My HIGH PRESSURE LUBRICATING SYSTEM 
GRAY-DORT MOTORS LiMiTED AD eee ele Si CARS AND TRUCKS: 





CHATHAM, ONT. 


eS || Standard Equipment 


Se | GRAY-DORIT 


A better and simpler system of high 
pressure lubrication; it embodies the 
latest and best features of pressure 
lubrication for the motor car and 
truck at the same time eliminating 
the objectionable features common 
to the usual pressure systems. 


Stig. 





7 . : ya Suit ost® fe stidious.s 


A clean, quick and convenient method 
r past comrtesies, wolare, “4 of thoroughly lubricating and clean- 
; ' ing every bearing. 


? 
° 
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Write for Descriptive 


Folder No. N-301 









Standard equipment 
on more than fifty other 
automobiles and motor trucks. 
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| (9) Bowen Products Corporation %e Yer show, space D-16s. 
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Scene in 
Central Steel 
Physical Laboratory 


Many manufacturers who have long 
thought of the possibilities of using Alloy 
Steels for certain parts of their products 
have put off and put off actually deciding 
the question. To determine such an im- 
portant subject, they have thought, would 
take perhaps years of research work and 
otherwise be a long-drawn-out and costly 
process. 


The fact of the matter is that our Research 
Laboratories have been engaged for years 


THE JOURNAL OF THE SOCIETY OF 


Your Problem IN Steel —Worked Out by Experiment 






AUTOMOTIVE ENGINEERS 


f 


mt 


in the preparation and compilation of data 
on every kind of commercial alloy steel— 
Nickel, Uma, Chromium, Vanadium, 
Molybdenum, etc., and are in position to 
short-cut into the heart of any problem 
that is in the steel. 


What is the part or product you want to 
make stronger, tougher, lighter, harder, 
more wear resistive? We can tell you the 
right steel quickly and prove it by experi- 
ment. Such service is without cost to you. 


Send for Booklet, “Agathon Alloy Steels” 


‘THE CENTRAL STEEL COMPANY, Massillon, Ohio 


SWETLAND BLDG. BOOK BLDG, 








AGATHON ALCOY STEELS 


PEOPLES GAS BLDG. 
CLEVELAND DETROIT CHICAGO 


UNIVERSITY BLOCK 
SYRACUSE PHILADELPHIA 
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WIDENER BLDG. 





“This wire fits like 
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a nut on a bolt” 


“Tt’s right! Jt goes in the 
space. That’s why I’m doing 
better work.” 

Acme Wire accounted for the 
sudden increase in this winder’s 
production, and, what is more 
important, fewer rejections and 
better wound coils throughout. 
That was because Acme Wire 
is uniform, free from lumps and 
imperfections, speedy in wind- 
ing, and really “goes in the 
space.” 

Such instances are common; 
in fact, usual, when Acme Wire 
is used rather than inferior wire 
—bought on a price basis. For 
Acme Wire is made carefully 
every step in the process is 





based on standards of perform- 
ance in the buyer’s winding 
room. From the very start of 
the Acme enterprise their strict 
adherence to quality standards 
has been notable in the industry. 

Acme Wire—it goes in the 
space. There’s magic in those 
words for the operator who no 
longer has to stop work to cut 
out poor wire, for the engineer 
who wants his specifications 
filled exactly, so that his coil 
can be built as he designed it, 
and for the Purchasing Agent 
who keeps in close touch with 
the Winding Room and knows 
that cheap wire does not always 
mean inexpensive coils. 


Illustrated Catalog on Request to Engineers, 
Purchasing Agents, Executives and Operators. 


THE ACME WIRE CO., New Haven, Conn. 


NEW YORK 


CLEVELAND 


CHICAGO 


AcmeWj 


‘It goes in the 


? 
space 


ENGINEERS 








































Some Users of 
Acme Magnet Wire 
Atwater Kent Mfg. Co. 
Azor Motor Mfg. Co. 
Century Electric Co. 


Dayton Engineering Laborator- 
ies Co. 


t) Delco-Light Co. 
¥| Diehl Mfg. Co. 
Eisemann Magneto Corporation 
Electric Specialty Co. 
Electrical Products Mfg. Co. 
Emerson Electric Mfg. Co. 
Eureka Vacuum Cleaner Co. 
Ford Motor Co. 

General Radio Co. 

Gray & Davis, Inc. 
Holtzer-Cabot Electric Co. 
Hoover Suction Sweeper Co. 
Klaxon Co. 

Robbins & Myers Co. 

Sangamo Electric Co. 

U. S. Auto Supply Co. 
Westinghouse Elec. & Mfg. Co. 
Willys Corporation 

S. A. Woods Machine Co. 












Acme Wire Products 


*“*Enamelite,” plain enameled Mag- 
net Wire; ‘‘Cottonite,” Cotton-covered 
Enamelite; ‘‘Silkenite,” Silk-covered 
Enamelite; Single and Double Cotton 
Magnet Wire; Single and Double Silk 
Magnet Wire. We also have a complete 
organization for the winding of coilsin 
large production quantities. 





Acme Electrical Insulations 


Flexible Varnished tubing in all 
standard sizes and colors. 





Acme Radio Specialties 


Audio Transformer windings. 

Radio Frequency windings. 

Magnet windings for Head Sets. 

Enameled wire—especially the fin- 
est sizes , 40-44 B & S gauge. 

Silk and cotton-covered magnet wire. 

Enameled Aerial wire—single wire 
and stranded. 
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Electrical and Mechanical 
Problems—solved by a 
) / Unique Material 


In designing this new unit battery ignition system, 
full advantage was taken of the many properties of 
Condensite. The fact that this material may be ac- 
curately molded in practically any required shape, 
gave the engineers the widest latitude in meeting 
their electrical and mechanical needs. 

Coil casing, base panels, rotor, breaker, and ter- 
minal sleeves are molded of Condensite. Its uni- 
formity, its mechanical and dielectric strength, and 
resistance to oil, moisture, and heat, gave them in 
this one material every quality needed. In addition 
to this Condensite enabled them to mold each part 
complete with metal inserts, and to such accuracy 
of dimension and excellence of finish that final as- 
sembling was simplified. 

The elimination of many time-consuming oper- 
ations is just one of the advantages gained when 
Condensite, Bakelite, or Redmanol are specified. 


BAKELITE CORPORATION 


Address the Divisions 


+ 
— 
2 on 









— 


Each Division maintains a Research Laboratory for the working out 
of new applications. An inquiry addressed to any of the companies 
listed in the panel on the left will receive prompt and expert con- 
sideration. 


S077-B 





Divisions of 
BAKELITE CORPORATION 


BAKELIT 


General Bakelite Co. 
8 West 40th Street 
New York, N. Y. 


Condensite 


Condensite Co. of America 
Bloomfield, N. J. 


REDMANOL 


Redmanol. Chemical 
Products Co. 
636-678 West 22nd St. 
Chicago, Ill. 
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Appearances Count in Comparisons 


V ECHANICAL MERIT should be housed in beauty if a motor-car is to 
1 achieve distinction. From top to wheels it must create favorable 
visual impressions. 

The smartly tailored flexible top is rarely lowered. Its trim lines har- 
monize with graceful body designs. And it must carry the heavy weight 
of plate glass windows that add their elegance to the individuality of the car. 

Neverleek Top Material so well meets the demands for varied service, 
that it has become the standard for flexible top material excellence. The 
rich lustre of finish, its durability and extreme flexibility give it matchless 
value to all manufacturers of high-grade motor-cars and body builders. 

Samples of Neverleek and full information on various grains, linings 
and prices furnished on request. 

F.S. CARR COMPANY, 31 Beach Street, Boston 


Branch Offices: Detroit St. Louis Atlanta 


TOP MATERIAL 


Trade Mark Reg, JU, S. Pat. Off. 


Pred.e@ m4: :-a: te: 
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Durability 


Durability is the prime requisite of a 
good ball bearing. It is obtained in 
Strom bearings by constructing them of 
material of great strength which is 
heat-treated to obtain long-wearing 
quality. 





The working elements are correctly 
balanced in Strom bearings, making 
each part of equal strength to carry the 
heaviest loads and endure long service. 





It is just such features of construction 
that make Strom bearings the most 
logical choice wherever strength, preci- 
sion, power, and endurance are required. 


Made in radical (single and double row), 
angular contact, and thrust types for 
any application. 


Our engineers will cheerfully assist you 
in a correct choice of bearings. 


U. S. BALL BEARING MEG. CO. 


(Conrad Patent Licensee) 


4533 Palmer Street Chicago, Ill. 


bata 


“Used Wherever 
a Shaft Turns” 
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Keep them on the road 


No bearing can stand up without proper 
adjustment. Laminated Shims—the kind 





that peel—make it easy to adjust the 
bearings accurately and quickly, both in 
assembly and in service. Laminated 
Shims make for that satisfaction on the 


road which builds owner-reputation. 


LAMINATED SHIM CO., INC. 





14th St. and Governor Pl., 
Long Island City, N. Y. 


Detroit: Dime Bank Building 
St. Louis: Mazura Mfg. Co. 


90% OF AMERICAN BUILT ENGINES ARE EQUIPPED WITH 
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COOLING SYSTEMS 


Twenty years devoted to the development 
and production of cooling systems for every 
type of automotive product—scores of which 
are now world famous. 


This explains why Long Cooling Systems 
are today accepted as standard, and why 
the Long organization occupies a place 
among the few in the automotive industry 
that are regarded as real pioneers. 


Manufacturers will find here an engineering 
staff that will cooperate effectively with 
their own, and an adaptable plant that can 
quickly meet every production requirement. 
Correspondence is invited. 


Long Manufacturing Company 
: Detroit, Michigan 
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\ + SS = Like a well-built car on new asphalt, 
a genuine Morse Chain performs 
smoothly. 


\ The specially shaped Morse links, 

operating on the exclusive “rocker- 
\ joint” principle, bring about this happy 
result. They mesh with the sprockets 
with a rolling motion that reduces 
| friction and operates silently. 


| They drive cam and accessories 
\ the way you like to see production 
* going. 


a \ MORSE CHAIN COMPANY 


\ Main Office and Works Sales and Engineering Office 
\ ITHACA, NEW YORK DETROIT, MICHIGAN 
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HE high esteem with which Cadillac is 

everywhere regarded is a direct result of 
Cadillac manufacturing standards — stand- 
ards so well epitomized in the famous 
Cadillac motto— 


“Craftsmanship a Creed, 
and Accuracy a Law.’’ 


A Hyatt bearing with 


It is no small tribute to Hyatt quality that 

Hyatt Roller Bearings are employed in the moved to show the 
Cadillac transmission to insure for Cadillac . 
owners a unit that is sturdy, quiet, smooth run- 
ning and in every way Cadillac in character. 


HYATT ROLLER BEARING COMPANY 


. Motor Bearings Division: Detroit, Michigan 


Tractor Bearings Division Pacific Coast Division Indastrial Bearings Division 


Chicago, Ill. San Francisco, Cal. New York, N. Y. 





HYATT QUIET BEARINGS 











Public authorities everywhere 
approve the Prest-O-Lite Gas 
Lighting System. Nation-wide ser- 
vice of 22,000 service stations and 
garages exchange full tanks for 
empties. The familiar 6 x 20 in. 
tank supplies 30 to 40 burning 
hours. Users pay only a small 
charge for the gas. 
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An up-to-date truck is recog- 
nized these days by its Prest- 
O-Lite Gas lighting system. 
Lowest cost illumination. Less 
to install. Less to maintain. 
Most dependable. Can’t be 
bumped out of commission. 
Make your truck up-to-date 
with Prest-O-Lite Gas. 


THE PREST-O-LITE COMPANY, Inc. 
Small Tank Sales Department 
Main Office and Factory : Indianapolis 
New York Office: 30 East 42nd Street 
Pacific Coast Office : 599 Eighth Street, San Francisco 
In Canada: Prest-O-Lite Co. of Canada, Ltd., Toronto 
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| ) The Most Searching Test of All 


i 4K HE past season’s racing record of Mogul 
Bearings in the famous Hall-Scott Marine 

Motors is proof of bearing quality that 
\ \ eclipses the winning of any individual race. 


) Careful engineers and designers never base their 
te decisions on one test, regardless of how brilliant 
, ls the performance may be or how gruelling the test. 


S 5 or Hall-Scott powered boats were entered in scores 

\ RY of races, under every possible condition of service, 
/ oe : ‘ winning a large majority of them. Hall-Scott 
/ i .4- Marine Motors are fitted with Mogul Bearings. 


> A. J. Utz, manager of the Hall-Scott Company, 
ane states they have absolutely no record of trouble 
a due to bearings throughout the entire season. 





- he, THE MUZZY-LYON COMPANY, 
Menge ame 2 —<—— an ) DETROIT MICHIGAN 


Moaul 


Engine Bearings and — 
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Tire manufacturers are justly ‘proud 
when their tires successfully complete 
trial trips of several thousand miles 
using only the air put in at the start 
of the run. 

But such a record is just as much 
an achievement for the valves in those 
tires. A tire is as good as the valve 
in it. Even the best tire can not give 
the service of which it is capable if the 
tire valve does not retain the air in it. 

Schrader Universal Tire Valves 
have been used successfully for thirty 
years to retain air in pneumatic tires. 
That is the reason practically all the 
tire manufacturersin the United States 
and Canada make them part of their 


A. SCHRADER’S SON, Inc., Brooklyn, New York 


Chicago 


Manufacturers of Schrader Valve Insides and Valve Caps, 


Packed in Metal Boxes of Five Each 
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is a record for the 
Tire Valves, too 


Toronto 


31 
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tire equipment. For bicycle, motor- 
cycle and automobile tires Schrader 
Valves are standard. 

Every possible care is taken in 
manufacturing these Valves. Each 
Valve is tested several times before it 
leaves the factory. These tests are 
always made with the Valve Caps re- 
moved to make sure that all Valves 
are absolutely air-tight. The same care 
and skill in design and manufacture go 
into Schrader Valve Insides, Valve 
Caps, and other Tire Valve Accessories. 

Specify Schrader Valves and Valve 
Parts for all pneumatic tires. Stand- 
ardization in manufacture insures in- 
terchangeability of parts. 


“9148/2 


SHHWINNOD NONTHOS NE AV OSTV-LI/5I 
“9 9% 
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London 
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“MANUFACTURING 
COMPANY 
Detroit 

E ich. 





Closed Body WVindshields 
Open Car Windshields | 
Truck Windshields 
Accessories, Visors 
and Tractor Parts 








AINSWORTH MANUFACTURING COMPANY 


| WINDSHIELDS, TRACTOR PARTS AND AUTOMOBILE ACCESSORIES 





| Franklin and Dubois Detroit, Michigan 
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“Oil-Vac’” 


| A KINGSTON PRODUCT ] 





A Step Forward in 


THE KINGSTON VACUUM 
FUEL FEEDING SYSTEM dif- 
fers from other types in that the vac- 
uum is not taken from the manifold, 
but is produced from oil pump suc- 
tion. While we do not contend that 
this departure is revolutionary, auto- 
motive engineers who have investi- 
gated Oil-Vac agree with us that it is 
an important step forward. 


Oil-Vac, the new system, does away 
entirely with the in- 
take manifold as a 
suction _ source. 
Briefly it consists in 
utilization of the 


suction produced by No gas 

With Oil-Vac the vac- 
uum ceases to exist when 
the oil supply becomes 


a properly propor- 
tioned oil-circulating 
pump. 


With the Oijul-Vac 
system there is the 
certainty of in- 
creased suction with 
increased engine 
speed. When the 
greatest amount of 


desired. 


New York, 243 West 55th Street 
Chicago, 1430 Michigan Avenue 


Vacuum Fuel Feeding Systems 


No oil—No vac— 


exhausted. This consti- 
tutes a factor of safety 
that automobile builders 
and motorists have long 





Detroit, 4610 Woodward Avenue 


San Francisco, 32 Van Ness Avenue 


fuel is needed, as on long grades and 
at high speeds, the greatest amount is 
actually being delivered. 


In the case of Oil-Vac, since there is 
no connection with the manifold, 
there is no disturbance of carburetion. 


With Oijl-Vac, since the vacuum 
is created by the circulating oil 
pump of the motor, an absence of 
oil causes the vacuum tank automati- 
cally to cease to function—a warn- 
ing device that 
every motorist will 
appreciate. 


With Oil-V ac, crank 
case dilution is ma- 
terially lessened, oil 
runs cooler and 
lubricates more effi- 
ciently. 


These are a few of 
the points of supe- 
riority in Oi§ul-Vac. 
Watch for the full 
story as it appears 
in this publication. 











BYRNE, KINGSTON & CO., KOKOMO, IND. 


BRANCHES: 






Boston, 15 Jersey Street 
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(METAL M TAL MOULDINGS $3: 8 SHAPES| 


WINDSHIELD TUBINGS 


DRIP MOULDINGS 
HOOK 


GLASS en 


GARNISH MOULDINGS 


CUSHION RETAINERS 


INSTRUMENT BOARDS 


FLOOR BOARD MOULDINGS 


Write for Complete Information or Samples of Above Shapes 


DYN ikuu Xe). sae AACN Dlele) ee) 


475 BUFFALO STREET JAMESTOWN, NEW YORK 
Representatives in All Principal Cities 


New York Office Detroit Office Chicago Office Cleveland Office St. Louis Office Philadelphia Office 
25 Broadway 1331 Dime Bank Bldg. 19S. LaSalle Sr. 916 Swetland Bidg. 106 N. 3rd. St. 305 Bulletin Bidg. 
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HE Age of Specialization 1s be- 

coming an age of specification. 
The man in the street realizes just 
as certainly as the factory specialist 
the advantages to be derived from a 
concentration of energies on one par- 
ticular thing. Many manufacturers 
of good motor cars and trucks have 
built soundly with the load-carrying 
and power-transmitting parts shown 
here because they realize these are 
units which the buyer would specify 
himself. 


Parish Mfg. Corp. — - . Reading Pa., and Detroit, Mich, 


Sheldon Axle and Spring Co. - : . Wilkes-Barre, Pa. 
Salisbury Axle Company - . . . Jamestown, N. Y, 


Spicer Mfg. Corporation - . . South Plainfield, N, J. 
C. A. DANA, President , 
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GREATER PRECISION 


LESS FRICTION .. 
LONGER LIFE -: 


ADEQUATE THRUST 


CAPACITY 


THE FEDERAL BEARINGS CO., 
INC. 
Poughkeepsie, N. Y. 


— im 
UNIVERSAL 


Registered 6 mu z US. Pat Off 


BALL BEARING 





December, 1922 





December, 1922 


THE PANAMA CANAL—S0 miles 
long; 239,000,000 cubic yards of ex- 
cavation; 5,000,000 cubic yards of 
cement; 12 locks—in pairs. Built 
by the nation’s specialists made up 
into many groups performing in- 
dividual tasks. 
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The industry’s master achievement 


—the SPECIALIZED vehicle 


All the good intentions in the 
world could not have constructed 
the Panama Canal. It required 
the bringing together of the 
SPECIALIZED resources of the 


nation to complete the task. 


Just so in the SPECIALIZED 
Vehicle the vehicle builder has 
brought together highly special- 
ized products — units — manufac- 
tured ~ by completeiy equipped 
specialist organizations. 


Produce the car and truck the 
public appreciates—the genuine 


SPECIALIZED Vehicle where 


each unit—motor, transmission, 
universal joints, axles and clutch 
—are the work of highly special- 
ized organizations—the car or 
truck with the reputations of the 
unit manufacturers back of it and 
the convenience of parts-distribut- 
ing stations throughout the world 
to serve it. 


See that your car or truck is 
recognized as a_ high - grade 
SPECIALIZED Vehicle. The sure 
mark of recognition upon the 
motor will always be — the 
Continental Red Seal. 


CONTINENTAL MOTORS CORPORATION 


Offices: Detroit, U. S. A. 


Largest Exclusive Moter Manufacturers in the World 


Factories: Detroit and Muskegon 


[(ontinental Motors 
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Engineers Should Resist 


any disposition to cut produc- 
tion cost by cheapening parts on 
which depend safety or reliable 
operation. 


The buyer may not be able to afford re- 
finements of various kinds but he should 
not be permitted to risk his life and he 
will not himself endure frequent troubles 
and interruptions in operation. 


Axle quality is directly related both to 
safety and to dependable operation. Sois 
axle size. But neither quality nor size 
represent an extravagant or prohibitive 
cost as some have been led to believe. 


In all our experience it has been true 
that once a customer agreed with our 
standard of quality and size, the cost 
appeared reasonable by comparison with 
what he could do elsewhere. 


THE TIMKEN-DETROIT AXLE COMPANY, DETROIT, MICH. 
Sole Representatives in the British Isles: 
AUTOMOTIVE PRODUCTS COMPANY, 3, Berners Street, London, W. 1. 


Motor car axles should 
be designed not only for 
long life and efficient 
service, but with an 
additional margin of 
strength to assure 
humen safety. 
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en, 


for the Engineers and Buyers 


of the Industry 


OU engineers—you purchasing agents—who specify and 

buy the body hardware and electric components for your 

cars, will welcome this complete picturization and de- 
scription of the Basco products and plant. 


We believe it will help you, in your eternal problem of build- 
ing for long, trouble-free service life, without being ashamed 
to face your production cost sheets. 


Incidentally, it may alter your conception of the completeness— 
the many sided flexibility of the Briggs & Stratton organization. 
For twelve years of serving the majority of America’s car and 
truck builders has taught us much—much that you can use. 


This book will be mailed very soon. Should a copy not reach 
your desk, will you let us know? 


BASCO PRODUCTS: Lighting, Ignition and Starting Switches; In- 
strument Panels; Generator Cutouts; Horns; Handles; Body Hardware. 
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RICH TOOL COMPANY 


Railway Exchange Bldg., Chicago, II. Kresge Building, Detroit, Mich. 


The cuts below represent valves used in some of the best known present day Aero- 
plane, Motor Boat and Racing Automobile Engines. They are all products of this 
Company and most of them have been produced in large quantities and have, therefore, 
been thoroughly tested in service. 


EE 


————— am 


otf comeenicm 


Needless to say, they are all Tungsten Steel, but we also make one-piece forged 
valves of all other commonly used Alloy Steels, in the manufacture of which we exer- 
cise the same care as is used in our Tungsten Valve materials. 


4 
‘ 
‘ 
‘ 


One of the newer types of valves which we have been making in very large quanti- 
ties for the past two years is our Hi-Chromium Valve, which has some very remarkable 
properties. It is for some purposes an excellent valve and we solicit inquiries from 
those who are troubled by a persistent burning away of the seats of the valves in their 
motors. 


We also have a material called Cobalt-Crom that possesses the qualities of High- 
Chromium as relates to resistance to burning, together with a resistance to abrasion or 
wear and a strength when red hot more nearly comparable to that of High-Tungsten. 
This material offers excellent promise of good results in engines running for long periods 
under heavy load without attention, such as marine motors and tractor motors. 


Our Engineering Department is at your service on all 
questions concerning suitability of material and design. 
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C A Dl LAPS 


The first complete electrical Today, the majority of lead 
system for motor cars was ing motor car manufacturers 
Delco—and Cadillac was the specify Delco equipment. Mo- 
first motor car manufacturer _ tordom agrees that Delco, the 
to install it. Ever since that _ first complete electrical system 
time, Delco hasbeen Standard for automobiles, is still the 
equipment on Cadillac cars. first system in point of merit. 





Tue Dayton ENGINEERING LABORATORIES CoMPANY, DAyTon, Onto, U. S. A. 


Delco 








Standard of the World» 
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If Bower roller bearings 

are found in a car itisa 

pretty good indication 

that everything about 

that car is first class in. 
every respect. 


Exclusive Bower Features 


Separate bearing surfaces for load and 
thrust. Parallel raceways. Self-aligning. 
Never need adjusting. Does not develop 
end thrust under loads. Will not bind or 
end-slip. 





ROLLER BEARING CO. 
Detroit Michigan 


BOWE 








Important Patent Notice 


The Bower bearing is patented in the United 
States and several foreign countries and any 
infringement of the exclusive right to make, 
sell, use and vend same will be duly prosecuted. 
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Putting the universal on the list of 
parts the owner never touches 


Can a universal joint run 60,000 miles with- 
out lubrication or adjustment? 


After a thousand miles metal universal 
joints fairly cry out for grease and attention. 
Lubrication of metal joints is ineffective be- 
‘ause the rapid spinning motion of the drive- 
shaft whirls the grease away from the joint 
instead of into the wearing parts. 


Ordinary disc universals, although needing 
no lubrication, require frequent attention and 
even replacement because they stretch out of 
true after a few thousand miles. 


The basic patent on the flexible fabric dise 
universal is the patent on Fanwise Construc- 
tion. This is a feature of the Thermoid- 
Hardy Universal Joint. 


The diagrams at the right tell graphically 
exactly what Fanwise Construction means 
in the strength and wear of the disc, and 
in its ability to keep the shaft centered and 
true at all times. 


So flexible that it cushions every shock of the 
road—yet strong enough to withstand a 
21,000 pound twist! Capable of going 60,000 
miles without adjustment, lubrication, or 
attention of any kind—yet built to stand the 
hardest service on the heaviest trucks! 


You should have this book — sent 
free to any engineer or dealer 


We have prepared a book, “‘ Universal Joints 
—Their Use and Misuse,” that treats the 
whole subject from all its angles—the me- 
chanical principles involved, construction, 
lubrication, processes of manufacture, tests 
for strength, and records of performance. 
Send for your copy today. 


THERMOID RUBBER COMPANY 


Sole American Manufacturers 


Factory and Main Offices: Trenton, N. J. 
New York 


Chicago Los Angeles Detroit 
Cleveland Kansas City Seattle Atlanta 
Boston London Paris Turin 


THERMOID-HARDY 


UNIVERSAL JOINT 


Fanwise Construction for strength 
Makers of “Thermoid Hydraulic Compressed Brake Lining” 
and “Thermoid Crolide Compound Tires” 


American British Mfg. Co 
Allis Chalmers Mfg. Co 
Anderson Motor Co 

The Autocar Co 

Available Truck Co 

Barley Motor Car Co. (Roamer) 
Crow-Elkhart Motor Corp 
Jas. Cunningham Son & Co 
Dart Truck & Tractor Corp. 
The Dauch Mfg. Co 
Diamond T Motor Car Co 
Doane Motor Truck Co 

Elgin Motor Car Corp 

Elgin Street Sweeper Co 
Fageol Motors Co 

Fifth Ave. Coach Co 

H. H. Franklin Mfg. Co 
Garford Motor Truck Co 
Gramm-BernsteinMotorTruckC o. 
Handley Knight 

Hawkeye Truck Co 
Hendrickson Motor Truck Co 
Highway Motors Co. 

Holt Mfg. Co 

Indiana Truck Co 


International HarvesterCo. of A.,Inc 


LIST OF USERS 


International Motor Co 
Jackson Motors Corp 

Kelsey Motor Co 

Kentucky Wagon Mfg. Co., Inc 
Kenworthy Motors Corp 

King Motor Car Co. 

King Zeitler Co 

Lakewood Eng. Co 


Larrabee-Deyo Motor Truck Co. 


Lexington Motor Co. 
Locomobile Co 

Menominee Motor Truck Co 
Mercer Motors Co 
Moreland Motor Truck Co. 
McFarlan Motor Co. 

Nelson & LeMoon 

E. A. Nelson Automobile Co 
Nelson Motor Truck Co. 

D. A. Newcomer Co 
O'Connell Motor Truck Co. 
Oliver Tractor Co. 

Oneida Motor Truck Co. 
Packard Motor Car Co. 
Parker Motor Truck Co. 
Patriot Motors Co 

Reliance Motor Truck Co. 


Reo Motor Car Co. 

Reynolds Motor Truck Co 

Root & Van Dervoort Eng. Co. 

Sanford Motor Truck Co 

Southwark Fdy. & Mach. Co. 

Sprague Electric Co. 

Stoughton Wagon Co 

Studebaker Corp. 

Stutes Mar Tractor Co. 

Templar Motors Co 

Tioga Steel & Iron Co. 

Towmotor Co. 

Traffic Motor Truck Corp 

Transport Truck Co. 

Lb ~ City Four Wheel Drive Co., 
nc. 

United Motors Co. 

Walter Motor Truck Co 

Ward La France Truck Corp., Inc. 

Watson Products Corp. 

Geo. D. Whitcomb Co 

Wichita Motors Co 

H. E. Wilcox Motor Co. 

J. C. Wilson Co. 

Willys-Overland, Inc. 

Zeitler & Lamson Truck & Trac- 
tor Co. 


* ABOVE is an ordinary disc, 

its layers of fabric laid par- 
allel. The three black holes are the 
driving bolts—the three white ones 
the driven. Notice that the left 
hand driving bolt is the only one 
that can pull in the direction of the 
strands of cotton. The other two 
must pull ona bias. This stretches 
the whole disc out of true, causing 
vibration and “whipping” of the 
entire shaft. 

In contrast, examine the Ther- 
moid-Hardy patented Fanwise 
Construction. Notice how the disc 
is built up with the strands of each 
layer ot fabric running in a differ- 
ent direction. Each sector is of uni- 
form strength and elasticity. Every 
stress is balanced— 
























—the torsional stresses between 
the bolt holes 

—the centrifugal stresses from 
the center outward 

—the lateral stresses from the 
forward and back motion of 
the shaft. 


This means the elimination cf 
‘whipping” and _ vibration.. It 
means that the shaft is held in true 
on every revolution. 


4 


2 
vo 
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No more punctures for this bus 
but plenty of Mileage 


Mr. M. H. Horowitz, May 6, 1922 
c/o B. F. Goodrich Rubber Co., 
1780 Broadway 
New York City 


Dear Mr. Horowitz: 


With reference to the Lincoln Garden Bus 
Co. their mileage covered up to date on bus 
No. 1 is as follows: 


aes Sea 150 Miles 
OS SAE ES ree 1500 ‘* 
RES | SE ee 1550 “* 
ee ee ree ee 1550 * 
| RRR er en ee 1400 ‘* 
Ro or SY 5 as 


=< with apparently little wear. 





Unfortunately I haven’t at hand at the 
present time the mileage of Bus No. 2, but 
I will furnish you this at an early date. 

Believing this is the information you desire, 
and with kindest personal regards, I am 


Yours very truly, 


H. S. WARD, 
146 Church St., New Brunswick, N. J. 
(signed) H. S. Ward 







The Goodrich Semi-Pneumatic is a real 
sensation— Have you seen it? No flanges. 
No bolts. No extra costs. Fits any S. A. E. 
wheel. Ask our nearest Goodrich Dis- 
tributor for details or write for booklet, 
“Two Truck Tires in One.” 


THE B. F. GOODRICH RUBBER COMPANY 
Akron, Ohio 


Goodrich 
em1- 


O 
. NCMIMNETAC 
TRUCK TIRE 


~~ “a 
‘Best in the Long Run’’ 


There are Goodrich Distributors in all large 
cities and truck centers, and their friendly, 
This new tire is fully described in efficient co-operation is a vital service in 


the illustrated booklet, ‘“T wo Truck keeping your truck at work. 
Tires In One.’’ Send for a copy. 
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Tue distinctive contour of the Tuarc disc is more than 
beautiful. It is matchlessly resilient and strong as well. 


The sinuous double curve is capable of flexing ever so 
slightly under the impact of jolt and sidesway, relieving 
those strains and stresses which are so destructive to 
car mechanism. 


Also Gier Tuarcs are actually lighter even than spoked wheels 
where weight saving is most important—at the periphery. 


Add to these advantages the practical conveniences first 
introduced by Tuarcs —outside valve stems, demountable 
rims and standard hubs, doing away with the necessity for 
extra wheels, special tire carrier and special hub fittings— 
and the reason for the growing vogue of Tuarcs is apparent. 


MOTOR WHEEL CORPORATION, LANSING, MICHIGAN 


Motor Vehicle Wheels Complete M eel = Metal Stampings—Steel Products 
PR Ts 


601 Capitol Theatre Bldg., 120 Madison Ave., Detroit 
509 Fisk Bldg., B’dw’y at 57, NewYork Bigelow Blvd. & Craig, Pittsburgh 
584 Commonwealth Ave., Boston 520 Van Ness Ave., San Francisco 


10 South 18th St., Philadelphia 1341 So. Hope St., Los Angeles 
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Full Service 


From Headlights 


A 60-mile-an-hour car with 20- 
mile-an-hour headlights is all 
right in daytime. 


But how about it after dark-—the 
time when the motor makes its 
best demonstration and the time 
when the average man has to do a 
large part of his driving? 

Legality of headlights has had 
much attention because stopping 
glare is recognized as a necessity. 
Most cars are equipped with lenses 
that are legal. But unfortunately 
most lenses stop the glare by wasting 


the light. They shoot it into the road too close in front of the car for safe and easy driving. 
The driver has to sit on the edge of the seat and endure a discomfort that does not 


exist in daytime. 


The average headlights equipped with “legal lenses” do not give road light that is 


in keeping with the refinements of modern cars. 


Under such conditions the car that is 


equipped with exceptional driving light has a valuable selling advantage. 


ALE. 


A DIFFERENT 


Official State Tests prove that the Shaler 
Roadlighter gives a more efficient distribu- 





tion of light on the road than any other 


lens. They prove that it gives stronger 
distance light. They prove that it stops 
glare more effectively. 

These are some of the reasons why the 
Shaler is the most widely known lens on 
the market today. 


No written description can do justice 
to the remarkable improvement in driving 
light which the Shaler Roadlighter will 


RoadlighteR 


KIND OF LENS 


give you. You will want to try a pair on 
your own Car to really appreciate the dif- 
ference between it and lenses that were 
designed merely for the purpose of stop- 
ping glare—many of them so inefficient 
that when they are used the headlights 
must be tilted down as much as four feet 
in a hundred, a tilt that would stop the 
giare without any lens at all. 


Executives of car manufacturers will be 
supplied with a pair of complimentary 
Roadlighters on request. 


C. A. Shaler Co., 39 Fourth St., Waupun, Wis. 
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STEELS 


125 miles per hour! 


The flag waves—engines roar, and the race is 
on! At terrific speed the cars cover lap after 
lap. 


What a strain the parts of a racing car are sub- 
jected to! The steel especially, must be strong 
for upon it falls the racking strain of sus- 
tained high speed. It is noteworthy then, 
that the vital parts of the well known Miller 
Racing Cars are made of U-LOY Steel. The 
splendid record of these cars is noted below. In 
practice laps they have reached as high as 125 
miles per hour. The correct U-LOY Steel 
serves to keep the factor of safety as high as 
possible. 


Whether you make racing cars, trucks, pleasure 
cars, or what-not—there is a U-LOY Steel 
that will correctly meet your requirements. 


Consult with us. 


Open Hearth and 


Electric Furnace UNITED ALLOY STEEL CORPORATION 
U-LOY Steels are CANTON, OHIO 
furnished in:— 
Blooms. Slabs New York Chicago San Francisco 
Billets, Plates, Syracuse Detroit Indianapolis 


Bars, Rods. Bars 
Ilot Rolled, Cold 
Drawn and Heat 
Treated to specifi- 
cations 


For— 


Railroads. 
Automobiles 
Edged Tools 

Farm Implements 


Toncan Metal &. 


Anti-corrosive _ ‘ ; ? 
Roofing, Siding, = 
Enameling Stock 

Electrical Sheets 


Cleveland Buffalo Portland 
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Miller Racing Cars. 
No. 8 winner 1922 
Indianapolis 500 
mile. No.9 winner 
Cotati race. 
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Investigate LATEST 


“WHITNEY” 


HIGH EFFICIENCY 


ROLLER AND SILENT TYPE 


CHAINS 


also Low Cost per Thousand Miles of Service 











LATEST ROLLER CHAINS HAVE SPECIAL QUALITY 
SOLID ROLLS AND OTHER IMPORTANT IMPROVEMENTS 


Front End Motor Chain Drives 


EXCEPTIONAL MILEAGE 
AND NEVER KNOWN 
TO SKIP THE 
SPROCKET TEETH 





THE WHITNEY MEG. CO. 


HARTFORD, CONNECTICUT, U.S. A. 





_ — eee 
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LL the destructive evils of mechan- 
ical friction, such as wear, wedging, 
wobble, noise, vibration, misalignment, 
and a score of other elements detrimental 
to motor car efficiency, are all but com- 
pletely overcome by the use of ball bear- 
ings. 
New Departure Ball Bearings never need 




































































Ball Bearings 


adjustment for wear, minimize frictional 
resistance to the vanishing point, and re- 
tain their original abilities throughout their 
long life. 

As motor car manufacturers improve 
their product, more and more New De- 
parture Ball Bearings are used in all parts 
of the mechanism. 


The New Departure Manufacturing Company 


Bristol, Connecticut 


Detroit 














Chicago 
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A truck wheel equipped with the new 
Goodyear Ali-Weather Tread Cushion Tire 


OU will find the secret of that buoyant 

resilience which distinguishes the new 
Goodyear All-Weather Tread Cushion Tire 
is in its patented design of hollow-center, 
indented sidewall, and diamond tread. 


First look at the design of the hollow cen- 
ter. Seven years ago, Goodyear patented 
that shape, because under such external 
pressure as weight of load or sudden im- 
pact against obstacles, it “‘gives”’ easiest 
and flexes without strain. 


Under these conditions, the rubber is dis- 
placed most naturally, the cavity retaining 
its full size while assuming the shape indi- 
cated by the dotted lines. There are no 





OW DESIGN SECURES RESILIENCE 





A cross section of she Goodyear All-Weather 
Tread Cushion Tire, the dotted lines showing the 
shape assumed by the Goodyear patented tread, 
sidewall and hollow-center designs under pressure 


angles formed in which rubber is subjected 
to breaking stress. 

This is the big reason why Goodyear Cush- 
ion Tires are the easiest-riding, longest- 
wearing and most economical. 

Further cushioning is provided by the de- 
pressions in the sidewall and the wide, deep 
grooves of the All-Weather Tread. Under 
compression, the rubber flows most easily 
and naturally into these hollows. 


It is not by chance but by carefully devel- 
oped design that the cushioning resilience 
of Goodyear All-Weather Tread Cushion 
Tires last from the first mile to the last mile 
of thousands on thousands of miles of low- 


Goodyear Means Good Wear 


GOOD 


tire-cost service. 


Copyright 1922, by The Goodycar Tire & Rubber Co., Inc. 


December, 
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hat Our bow Overhead 
cw ¢ Means toYou*d 


SY carefully studying our business in every detail—every 
=] day—we have steadfastly maintained our overhead at 
a gratifyingly low figure. Moreover, we have done it in 
the face of body building conditions that make higher 
overheads in other plants prevalent, and accepted without comment. 
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It has resulted in this— 





Our conservative overhead, carefully planned, enables us to quote you mod- 
erate and attractive prices on enclosed bodies—and yet not compromise one 
“iot or tittle’ with the nationally known RAULANG QUALITY—nor 

our high standard of service to our customers 


























Let our Engineering Staff advise with you on your closed 
Zz body problems. And let our Sales Department quote you 


wil some prices and deliveries that will pleasantly surprise you. 


| RAU LAN G BODY DIVISION 


The Baker R &L Co 


CLEVELAND, OHIO.USA. | 
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COST-CUTTING TOOLS 


PUTTING QUALITY INTO QUANTITY PRODUCTION 
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McCROSKY-SUPER ADJUSTABLE REAMERS 


H AVE proved in actual operation their ability to ream in quantity production holes 
that are standard in size and uniform in finish. ‘The installation shown above is a 
good example of the accurate and economical service given by McCrosky-Super Reamers 
in automotive production. This battery of six McCrosky-Supers is reaming the cylin- 
ders of a well-known motor. Each cylinder is 34%” in diameter and is reamed to the 
depth of 8%”. The output averages six cylinder blocs an hour. When you see Mc- 
Crosky-Super Reamers in successful operation, you know they’re right. 

McCrosky-Super blades adjust forward and therefore never lose their bottoming feature. 
They have a large range of adjustment that provides from ten to twenty radial regrind- 
ings. New blades can be inserted in the original body easily and quickly. Therefore: 


When you think of quality reaming in quantity production, think of McCrosky-Super Reamers. 
McCrosky Catalog will help you. Aren’t you interested enough to ask us for a copy? 


McCROSKY TOOL CORPORATION, Meadville, Pa., U. S. A. 


Branches in Boston, New York, Detroit, Chicago, San Francisco 


Agencies in all other principal cities 


Export Agents: Benjamin Whittaker, Inc., 21 State St, New + os 
Benjamin Whittaker, Ltd., 56 Ludgate Hill, London, E. C 
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Ten 1ti0n, Starting and Li gh ting 
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OR over twenty-five years the Atwater Kent Company have 
been building instruments of accuracy and precision. 


Through all these years there has been a strict adherence to the At- 
water Kent ideal—to build well with no compromise with price. 


The result is a public acceptance of Atwater Kent products without 
question—with a full confidence in their quality of construction, ac- 
curacy of operation and durability. 


Manufacturers have shown their appreciation by equipping hun- 


dreds of thousands of America’s best cars with dependable Atwater 
Kent ignition. 


ATWATER KENT MFG.COMPAN-‘Y 


4937 Stenton Avenue—Dept. S 


CPh iladelphia 
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Up To The Engineer 


Tomorrow in the Automotive Industry 
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“The future of the Automotive Industry is dependent upon our solving 
the problem of servicing cars satisfactorily’’— 
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A. Prophet 
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Taha 


“What | want in an automobile or truck is—a maximum life of usefulness 


—a minimum of expense for upkeep and operation—and a reasonable rate 
of depreciation on my investment’ — 
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A. Buyer 
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Both A. Prophet and A. Buyer put it directly up to the 
automotive engineer. On his work depends the clinching 
sales arguments that will spell success or failure. 
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Neither the public nor the trade at large are capable 
of judging the engineer’s true skill but they do judge him 
by the selection of the vital units upon which he stand- 
ardizes. 
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A Packard Cable system is one of those units which 
thruout the entire automotive industry carries the impres- 
sion of “Quality.” . 
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A unit of good repute embodies not only engineering 
satisfaction but important sales arguments as well. 
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” Gaclewid. Efoctiic Company 


Warren, Ohio 
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The [deal 


Combination VANADIUM 
STEEL 


PISTON RODS 


AND 


FORGING DIES 
> 4 


55 


The piston rod in the ham- 
mer shown in the illustration 
has given over ten times the 
length of service of rods of 
other alloy and carbon 
steels. 


The dies have forged over 
twice as many caps as the 
best dies of other steels—and 
are still good for many thou- 
sands more. 


These records are typ- 
ical of Vanadium Steel. 





Let our Metallurgical Department 
help you solve your steel problems 


VANADIUM CORPORATION OF AMERICA 


120 BROADWAY, NEW YORK CITY 
Detroit, Michigan, 849 Book Bldg. 
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'S. A. E. Employment 
| Service 


DIE- CASTINGS | 











The following announcements are published for the 
benefit of members of the Society and the convenience 
of companies in need of men. No charge whatever is 
made for this service. In the case of items prefixed 





° by an asterisk further information is withheld at the 
Success in the largest sense request of the company or individual making the inser- 
tion, but written communications bearing the number 
can come only to the manu- of such items will be forwarded by the office of the 
Society. Applications for positions from non-members 

factu rer who understands must be endorsed by a member of the Society. 
not his own business alone No announcement will be repeated in these columns 

. | unless specific information is at hand that the respec- 
but also the needs of the varil- tive member is available or the position unfilled. 

: To put available men and employers in touch with 
ous businesses he serves. each other quickly, this column is supplemented twice 
weekly by a bulletin giving the latest information with 
Only out of such knowledge regard to Men and Positions Available. The bulletin 
can come the full measure of will be mayen to members and cupteyers on request. 
: It is suggested that for quick action in securing men 
the service a buyer has a or positions there be specified for publication the name 
a | and address, a post-office box number or a general mail 
right to expect. An experi- delivery address. If applications are confidential, the 
‘ Society will forward replies through an index number. 
ence of 17 years in the pro- For the good of the service members securing or 
d : . filling positions or com:vanies securing men through 
uction and use of die-cast- these columns are urged ‘to send advices to this effect 
: . . to the office of the Society promptly. 
ings daily contact with Considerable time can be saved in securing a position 
‘ ; if the following items of information are given in 
hundreds of industries where registering with S. A. E. Employment Service. 
die-castings are used—un- 1. Date on 
; . Name in fu 
ceasing research, experi- 3. Present mail address 
4. Telephone number 
ment and development—the 5. Present telegraph address 
F 6. Permanent mail address 
constant operation of the 7. Telephone number 
e ° | 8. Married or single 
largest plants in the industry |2- Nationality 
0. Age 
—these are some of the fac- | 11. Height 
: ° 12. Weight 
tors contributing to the mas- | 13. State of health 
. 14. Education (Give schools and colleges attended, 
tery of the art which has courses taken and duration of each course) 

’ 15. Previous employers (Give names, addresses, term 
made Doehler the world Ss of employment with each, your title and the nature 
] d f di of the work done) 

argest pro ucer oO 1e-Cast- 16. Are you employed at present? 

. 54 17. References (Give names and address of three or 

Ings. Every Doehler Die- four persons not related to you and with whom you 
° . . have been directly associated) 

Casting 1s a master casting. 18. What societies, clubs or associations are you a 


| member of? 

| 19. Salary wanted per week, month, year 

20. What general classifications do you wish to be 
listed under? (List in order of preference. For 
example: General Manager, Works Manager, Re- 
search Engineer, Production Engineer, etc.) 


BROOK . NYY. ¥ . ‘ your announcement? 








21. Do you wish your name and address published in 
22. Do you wish to use a post-office box number? 
CHICAGO, ILL. TOLEDO. OHIO e (If so, arrange with your postmaster for the use 


of a box and send the number of the box to us, 
giving town and state) 

23. Is your name to be withheld from publication? 
(In this case your announcement will be run under 
an index number and replies will be forwarded 
through the office of the Society) 

24. Prepare copy for insertion in THE JOURNAL and 
Bulletin. (Make it as complete and as concise as 
possible) 

25. Any preference as to location? 

26. When will you be available? 





MEN AVAILABLE 


0472 PRODUCTION ENGINEER, STOCK SUPERVISOR, PURCHASING 
AGENT; technical graduate wishes permanent position with 
going concern; thoroughly familiar with factory organization 
and control. Residence, Pennsylvania; location, immaterial. 

0703 MERCHANDISING MANAGER; sales, advertising; 16 years’ auto- 
motive experience; capable of building up large profitable 

| business. Residence, New York; location, New York pre- 

} ferred but not essential. 





0724 EXECUTIVE; outstanding record; thoroughly experienced in 

automobile and aviation engines; enduring energy, foresight 
ignition parts—accurate, uni- and ability. Now employed by well-known company. Will 
form, high in quality. consider only reputable organization in New York territory. 


(Continued on p. 58) 


Doehler die-cast automotive 
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Without regular and thorough 
chassis lubrication, any car or 
truck, no matter how staunchly 
you may build it, will soon 
begin to wear. 


The best way to get the owner 
of your product into the habit 
of lubricating it properly every 
500 miles is to install Alemite 
as factory equipment. 


Alemite makes the job easy. 
The flexible steel hose (an ex- 
clusive Alemite feature) not 
only brings all chassis bearings 
within convenient reach of the 
operator but enables him to 
maintainacomfortable position 
while forcing in the lubricant. 


Alemite also insures positive 
results. Justaturn or two of 
the Alemite Compressor 
develops 500 pounds’ 
pressure—more 





ALEM ITE 


High pressure lubricating syste 





than enough to expelthe worn- 
out grease and line the bearings 
with fresh lubricant. 


Because of its many superiori- 
ties over other methods of 
chassis lubrication Alemite has 
been adopted as standard on 
more than 300 different makes 
of cars, trucks and tractors. 


We have had wide experience 
in the design and manufacture 
of successful systems of chassis 
lubrication. We shall be glad to 
consult with you on any lubri- 
cation problems. 


( 


A Product of 
THE BASSICK MANUFACTURING CO. 


2650 North Crawford Avenue, Chicago, Illinois 
Alemite Products Company of Canada, Ltd., Belleville, Ontario 


57 


























. stat 
+ oy LY tl 

Sse 
iad ‘ 


a 


< 


- Py 








58 THE JOURNAL OF THE SOCIETY 













Deppé 
Motors Corporation 
Superheated Gas 
System 


(Patented) 





This system in cars of the 3000 Ib. 
class with engine displacement of 250 
cubic inches gives results as follows: 


With 100 lb. Compression 
Fixed Superheated Gas Mixture 


Fixed Adjustments in All Parts 
with Controlled Combustion 




























Develop maximum 


M.P.H. 
Twenty-two miles per gallon with ex- 
isting or any future motor fuels. 


speed of 60 


Sixteen hundred miles per gallon of 
lubricant. 


Ten to 30 M.P.H. in 9 seconds. 
Radiator 

130° F. 
NO THERMOSTATS 


Easy starting, no loading. 


water normally around 


Practically eliminates carbonization. 
No preignition, no autoignition. 
No so-called detonations. 


Eliminates vibration due to fuel con- 
ditions. 


Practically eliminates lubricating oil 
dilution. 
No overheating of metals. 

Practically eliminates valve grinding. 
Practically eliminates bearing adjust- 
ments. 
Practically 
troubles. 


PRACTICALLY ELIMINATES GEAR 
SHIFTING. 


eliminates _spark-plug 









Deppe Motors Corporation 
151 Church Street 
New York City 
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S. A. KE. EMPLOYMENT SERVICE 


Continued 





0781 


0783 


0797 


0798 


0805 


0806 


0810 


0816 


0828 


0829 


0835 


MEN AVAILABLE 


EXECUTIVE ENGINEER; 15 years’ experience on automobile 
designing and production, including both engines and finished 
ears. Thoroughly experienced in production methods. 
dence, Indianapolis; location, Middle West. 


Resi- 


GENERAL WORKS OR PRODUCTION MANAGER; superintendent 
with 15 years’ practical experience in the automotive industry. 
Residence, Michigan; location, Middle West preferred. 


PRODUCTION ENGINEER; 5° years’ experience with leading com- 
panies in production and development work; technical gradu- 
ate; good references. Available at once. Residence, New 
York City; location, immaterial. 


AUTOMOTIVE ENGINEER; 17 years’ experience on passenger 
cars, trucks, tractors and engines. Recent experience devel- 


oping heavy-duty air-cooled engines. Residence, New York 
City; location, immaterial. 


ENGINEER having 10 years’ experience in the design of high- 
grade motor cars, wishes position as chief engineer or in 
experimental and consulting work on aviation engines. Resi- 
dence, New Jersey; location, Eastern States preferred. 


DRAFTSMAN AND DESIGNER; experienced in detail and layout 
work, purchasing, tool design and airplane drafting. Resi- 
dence, New York City; location, New York City or vicinity. 


SaLEs ENGINEER; wide acquaintance in Baltimore territory ; 
13 years’ sales, engineering and production experience in 


automotive and allied lines. Residence, Baltimore; location, 
Baltimore or vicinity. 


EXPERIMENTAL ENGIN@ER ; capable of organizing and directing 
research and analyzing data and making reports. Also lay- 


out work experience. Residence, New Jersey; location, New 
York City or vicinity. 


SaLEs ENGINEER, DISTRICT, BRANCH OR EXPORT MANAGER; 17 
years’ experience in automobiles, trucks, engines and acces- 
sories, sales, advertising, organization, finance and manage- 


ment. Residence, New York City; location, New York City 
or vicinity. 


SERVICE ENGINEER; 16 years’ experience as organizer and 
efficiency expert in passenger-car and truck service-stations. 


Also truck factory experience. Residence, New York City; 
location, immaterial. 


ASSISTANT CHIEF OR DESIGNING ENGINEER; technical gradu- 
ate; 9 years’ experience in automobile, truck, engine, and air- 
plane design. College teaching, testing and experimental en- 
gineering. Residence, Connecticut; location, immaterial. 


DESIGNER ; 5 years’ experience in engine testing, jigs, fixtures, 
foundry practice, drafting and production. Residence, New 
Jersey ; location, immaterial. 


Motor TRANSPORTATION OR RESEARCH ENGINEER; operation 
manager of motor-transport fleet, manager of chain service- 
station or superintendent of maintenance for motor-transport 
fleet, wholesale transportation sales engineer, industrial 
manager, professor of highway transport. Residence, Massa- 
chusetts; location, Pacific coast preferred. 

DESIGNING ENGINEER; familiar with latest design in buses 
and trucks, including 3 years’ development work in this line. 
Residence, Ohio; location, immaterial. 


SALES MANAGER OR ENGINEER On automobile transmissions or 
clutches. Has wide acquaintance with principal purchasing 
and engineering executives in automobile industry and a 
successful past record. Residence, New York City; location, 
Middle West preferred. 


SALES ENGINEER OR PURCHASING AGENT; Graduate mechani- 
cal engineer with 14 years’ experience. An organizer and 
one who knows the best methods of producing the most 
profitable connections. Residence, Canada; location, im- 
material. 


(Continued on p. 60) 
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Tus CHART shows the extraordi- 
nary rate of increase in the number of 


Westinghouse Battery Service Sta- 
tions. 


These Stations, well apportioned on 
the basis of motor population, extend 
from Coast to Coast and from the Lakes 
to the Gulf. 


Users of Westinghouse Batteries are 
well taken care of. 


WESTINGHOUSE UNION BATTERY COMPANY 
Swissvale, Pa. 





WY 


BATTERIES 





WE STINGHOUSE 
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S. A. E. EMPLOYMENT SERVICE 


Continued 


Advertisers — Agents 





T is difficult to give you the 
proper service on submission MEN AVAILABLE 
of proofs, corrections and revision 0844 PRODUCTION, DESIGNING OR SALES ENGINEER; 9 years’ ex- 
unless your copy and cuts are in perience; ball bearings; has held positions of assistant. chief 


engineer and chassis engineer. Residence, Toledo; location, 


this office by the 15th of the month immaterial. 


° . . 0845 CHIBF ENGINEER OR ASSISTANT CHIEF ENGINEER; technical 
preceding publication date. graduate; 14 years’ experience in gas engines, automobiles, 

. airplanes, both in design and experimental work. Permanent 
We ask, then, for your cooperation connection desired. Residence, New York State; location, 
in this matter. Bring this notice of secondary importance. 


0846 MECHANICAL ENGINEER; 15 years’ gas engine experience: de- 
velopment work for ordnance department in connection with 
motorizing heavy artillery. Has built caterpillar gun mount 
special war engine and developed truck engine “get-at-able.” 
Residence, New York City; location, eastern states, 


to the attention of all persons in 
your organization concerned with 
advertising in the S. A. E. Journal. 


0847 District MANAGER OR SALES ENGINEER; technical graduate; 


In return we shall endeavor to 17 years experience; successful record on ignition apparatus 


F and body hardware, sales and engineering. Wide acquaint- 
satisfy your every request for ance among automotive manufacturers and body builders. 
changes and receipt of copy or Residence, Cleveland; location, Cleveland territory preferred 


but not essential. 
other instructions which you may 0848 ASSISTANT ENGINEER OR SUPERINTENDENT; airplane and en- 


send us gine inspector, experienced in checking designs and calcula- 
- tions; has been in charge of testing and inspection depart- 

ments of prominent motor-vehicle company. tesidence, 

The Journal of the suburb of New York City; location, New York or New Jersey 

preferred. 

Society of Automotive Engineers 0850 Bopy ENGINEER AND EXECUTIVE; 12 years with foremost 


body manufacturers on designs, production, and in executive 
capacities as chief draftsman, chief engineer, experimental 
engineer, assistant works manager. Familiar with factory 
organization, production methods, metal stampings and wood 
construction. Technical graduate. Residence, Philadelphia; 
location, immaterial. 


* 
Logan Steel Ring Gears 0860 CARBURETER ENGINEER with 10 years’ experience in the de- 


sign of automotive gasoline engines who has made a special 





study of carburetion and recently designed new type of 


for Flywheels carbureter; has designed, built and conducted tests of ex- 
| 


perimental engines and is familiar with the design of heavy 
ANOTHER step forward in oil engines of the injection type. Residence, Massachusetts; 
faultless motor car design is 


location, immaterial. 
achieved when steel gears are 
fitted to cast iron flywheels. 
The Logan Ring Gear possesses 
features and qualities which 
have not been surpassed nor 
equaled, 
Your correspondence is respect- 
fully invited regarding specifi- 
cations, results of tests and 
ether data you may 


desire. 


























0861 ASSISTANT ENGINEER OR INSPECTOR; 14 years’ experience in 
the production of internal-combustion engines; service man- 
ager; superintendent; foreman; 4 years with the Govern- 
ment in charge of testing marine and stationary engines. 
Residence, Texas; location, immaterial. 


0862 EXPERIMENTAL ENGINEER, INSPECTOR; 10 years’ experience; 
electrical inspection, car testing; research work. Residence, 
Connecticut; location, immaterial. 


0865 CHIBF ENGINEER, FACTORY MANAGER with a proved record; 
for foresight and ability; 12 years’ experience on passenger 
cars, aviation engines, trucks and tractors. Now employed 
by well-known firm in the automotive industry. Residence, 
New York City; location, immaterial. 


Every S. A. E. speci- 
fication is rigidly 
maintained in the 
production of Logan 
Fly Wheel Ring Gears. 
Note the chamfered 
teeth — an exclusive 
feature of the Logan 
Gear. 


0866 SALES ASSISTANT CHIEF OR CHASSIS ENGINEER; technical 
graduate; 7 years’ experience in passenger car design; 
charge of experimental work, and design. Residence, St. 
Louis; location, immaterial. 


0867 AUTOMOTIVE ENGINEER; 4 years’ experience in designing, 
drafting, research work and airplane engines. Now with 
prominent publishing company but wishes change. Resi- 
dence, New York City; location, New York City or vicinity. 








Logan Piston Pins 


Logan Precision Piston 
Pins are made of solid 
S. A. E. 10-20 specification 
bar stock. Your corre 
spondence solicited. 


0868 SALES ENGINEER, CHIEF DRAFTSMAN, DESIGNER; technical 
graduate; 8 years’ experience in shops and engineering de- 
partment of well-known companies on internal-combustion 
engines, trucks, tractors, automobiles and special and auto- 
matic machinery for their production. Residence, Chicago; 
location, Chicago preferred. 


The K oleae etek Piendnate Co (Continued on p. 62) 
e a ° 


Bellefontaine, Ohio, U. S. A. See announcement at the head of the S. A. E. Employment 
Service column, p. 56. 
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Carter 
Carburetor 


Standard equipment 


on the 


New Dort Six 


T was only natural when the Dort factory made its 

far reaching advance in six-cylinder car construction, 
that it should look first to the Carter Carburetor, for 
Carter had given sterling service on the Dort Four from 
its inception. 


It was not, however, until the Carter had demonstrated 
its outstanding fitness for six-cylinder use that it became 
permanent equipment. 


By doing its part in such achievements as getting 27 
miles per gallon at 30 miles per hour with three passen- 
gers in a Sedan body, and taking the same car and pas- 
sengers over Uniontown hill at 20 miles per hour in high 
gear, the Carter proved itself superior to all comers. 


No car builder should feel satisfied with his carburetor 
until he has tested the Carter. To arrange for a test, 
write or wire Carter Carburetor Corporation, 2838-42 
North Spring Ave., St. Louis, Mo., sole distributors. 
American Car and Foundry Company, manufacturers. 
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THE 


You'll never find a foreign 
substance in 


VUL-COT FIBRE 
And Here’s Why 








Armature Wedges 
Brush Holder Bushings 


Bushings 
Buttons 
Coil Bobbins 
Coil Cups 


Condenser 


Cable Cleats 


Connector Plugs 


Cleats 


Commutator Rings 


Conduits 


Cord Terminals 


Fuse Cases 
Insulations 
Lighting Switch Bushings Washers 


We'll send our book, “The Material with 


a Million Uses.” 


AMERICAN VULCANIZED FIBRE C9. 


521 Equitable 


BOSTON 


Ferrules 


The American Vulcanized 
Fibre Company in its Mill 
at Newark, Delaware, in- 
spects, sorts, dusts, and 
cuts its own rags and 
makes its own paper. In 
another part of this big 
plant the paper, its thick- 
ness gauged to a_ thou- 
sandth of an inch, is made 
into tough, strong hornlike 
V UL-COT Fibre. 


Care and close, constant 
supervision have been watch- 
words during the entire 
process and until it reaches 
you, in either sheets, rods or 
tubes or machined to your 
specifications. The latter is 
done in the company’s Wil- 
mington plant. 


Here are just a few places 
in the electrical manufac- 
turing field where you'll find 


it to your advantage to use 
V UL-COT Fibre: 


Lightning Arresters 
Magnet Heads 
Parts for 
Dynamos 
Generators, etc. 
Plugs 
Posts 
Rings 
Staple Insulators 
Switch Parts for 
Bars 
Bases 
Handles 
Hocks 
Timer Rings 


Tell us where. 


Building, Wilmington, Del. 
SALES OFFICES 
PHILADELPHIA 
NEW YORK PITTSBURGH 


CLEVELAND 
DETROIT 


Complete Stock for Immediate Shipment ot Chicago 
Western Agents 


Western Electric Company 


pan foanysce 
RTLAND 
OA 


KLA 


SEATTL 
LOS AN 
NO 


Canadian Agents 


ALIF 


REGINA VANCOUVER 


Make it of VUL-COT Fibre 
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Northern Electric Comparny 
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£ MONTREAL TORONTO WINNIPE 
ELEes OTTAWA HALIFAX CALGAR 
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S. A. E. EMPLOYMENT SERVICE 


Continued 








MEN AVAILABLE 


Young man 
wishes to 
or parts company 


0869 ENGINEER. 


perience 


with chassis and 
associate himself with 
in engineering or 


engine design ex- 
a live automobile 
purchasing departments 
Residence, Detroit; location, Michigan or Ohio preferred. 

0873 PRODUCTION 
AGENT; 11 
management. 


ENGINEER, 
years’ 


ENGINEER, 
experience in 


CHIEF PURCHASING 
practical production and 
Extensive experience abroad; tractors, trucks, 
sales, consulting and research work 


Residence, Connecticut ; 
location, immaterial. 


0874 RESEARCH OR PRODUCTION ENGINEER. Graduate mechanical 
and civil engineer with 25 years’ experience as chief engineer 
or professor of machine design. 


tesidence, New 
location, New 


York City; 
York City or vicinity preferred. 


O876 MECHANICAL 


with 2 


AND ELECTRICAL 
years’ experience 


ENGINEER; technical 
as plant engineer and 3 years as 
research and development engineer on pressure gages, safety 
valves, general brass goods, and carbureters. Residence, 
Boston; location, Boston preferred but not essential. 


graduate 


0880 RESEARCH ENGINEER; experienced in 
operation, dynamometer and 


struments to 


laboratory design and 
road testing; the design of in- 
the relation of the vehicle to the 
highway and transmission development with prominent com- 
panies in the East. suburb of New York, location, 
East preferred. 


determine 
Residence 
0881 PRODUCTION MANAGER, 
cation; 18 
and commercial 
ing or 


RESEARCH FE-NGINEER; 
practical experience with 

vehicles Capable of handling all eng 
production problems. record 
Detroit; location, immaterial. 


technical 


edu- 


years’ cars 


passenger 
ineer- 
Successful Residence, 
0885 CONTRACT OR SALES ENGINEERING 
of Massachusetts Institute of Technology with degree of 
mechanical engineer; 6 years’ experience; 2 years experi- 
mental work. Thoroughly experienced in the fabrication of 


REPRESENTATIVE; graduate 


metals and woods. Residence, New Jersey; location, im- 
material. 

0886 DESIGNING ENGINEER; FACTORY EXECUTIVE; 20 years’ ex- 
perience on passenger cars, trucks, tractors, trailers, Diesel 


and producer gas engines, truck engines of the two-piston 
type, experimental work, body and sheet metal layout. Resi- 
dence, California; location, immaterial. 
0887 AUTOMOBILE DESIGNER; 10 years’ experience; 
uate; drafting, layout work. Residence, 
location, New York City or vicinity. 


technical grad- 
New York City; 


0888 AERONAUTICAL ENGINEBR; graduate mechanical engineer; 10 
years’ experience design, shop, 
perimental work on gliders 
commercial aircraft. 


production. tesearch, ex- 
and low-powered, high-speed 
Cost-accountant, expert on transporta- 


tion costs. Able to take charge of research, design, con- 
struction of transportation planes. Residence, New York 
State; location, vicinity of New York City or Pacific coast. 


0889 DESIGNING AND LAYOUT ENGINEER; has had charge of the 
design and development of isolated lighting plants; 6 years’ 


experience on automotive electrical equipment and magnetic 


transmissions. Tool design and production work; chief 
draftsman. Residence, Syracuse; location, immaterial. 
0891 SERVICE MANAGER, SALES ENGINEER; unusual training along 
practical lines for 20 years. Thoroughly understands sales 
work and retail trade regarding service requirements. Tech- 


nical assistant to sales manager in handling complaints or 


developing service information and literature to improve 
the quality of repair work; chief inspector. Residence, New 


York City; location, New York City or Detroit. 


0893 EXPERIMENTAL ENGINEER. Executive on automotive machine 
work who is competent to assist in design, tooling and pro- 
duction of steam automotive powerplant would consider 
starting as foreman of machine shop or a machinist to prove 
ability. High references. Residence, Mississippi; location, 
immaterial. 

(Continued on p. 64) 
ee 
See announcement at the head of the S. A. E. Employment 
Service column, p. 56. 
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Sand Castings 
in Brass and Bronze 


excel when made by 
Mueller 


The Muellers have been master brasscrafters 





for three generations. Over sixty years 
of experience, working in brass, 
makes for perfection. 


ee ee 








Mueller uses electric furnaces. Mueller maintains 
chemical laboratories in which every heat is ana- 
lyzed chemically and tested physically. Mueller 
works accurately to specifications. And Mueller 
specializes on quality and uniformity. 








It will pay you to write Mueller for prices. 





MUELLER METALS CO., PORT HURON, MICH. 


Sales Offices: New York, Philadelphia, Buffalo, Pittsburgh, Cleveland, Dayton, 
Detroit, Indianapolis, Chicago, Minneapolis, New Orleans, San Francisco. 





Makers of “Red Tip” Brass Rod; Welding Rod; Brass and Copper Tubing; oe and Castings 
in Brass and Bronze; ‘also Brass Screw Machined Products 


Associated with H. ag ed Manufacturing Co., Decatur, Ill., and H. Mueller Manufac- 
4 turing Co., Ltd., Sarnia, Ont. Makers of Water, Vioshine and Gas Brass Goods and Tools. 
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More Than Twelve 
Years’ Experience Goes 
Into the Making of 
General Piston Rings 


And They Cost You Less. 


Some piston rings, if delivered 
to you free of charge, would be 
much too expensive. Your cost 
is not entirely controlled by the 
price you pay. 


Is the customer getting a 
motor performance of entire and 
lasting satisfaction? Do the 
rings coming into your plant re- 
quire costly filing for fitting? 


Is it ever necessary to tear 
down motors due to bad ring 
performance ? 


Do the rings fail to meet your 
inspection requirements on a 
practical 100% basis? 


The answers to those questions 
show you your ring costs. We 
have answered them by satisfy- 
ing our customers completely 
for more than twelve years. 
Besides that, our prices are often 
as low, sometimes lower, than 
ordinary rings. 


General Piston Ring (. 


flanufacturers 
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0894 


0895 


0896 


0897 


0902 


0903 


0904 


0905 


0906 


0907 


0908 


0911 


0912 


0913 


0914 


0915 


MEN AVAILABLE 


MECHANICAL ENGINEER AND DESIGNER. Man with 17 years’ 
experience including 10 years on Diesel oil engines wishes to 
connect with company building Diesel oil engines for marine, 
stationary or locomotive purposes. Has designed and built 
complete lines. Residence, Cleveland; location, immaterial. 
DESIGNING AND RESEARCH ENGINEER; 11 years’ experience 
on four and six-cylinder truck and automobile engines. 
Available now. Residence, Wisconsin; location, Middle West 
preferred. 

SALES ENGINEER wishes to get in touch with companies desir- 
ing to market their products in Detroit and vicinity and who 
require a man having the ability to talk with the engineers. 
Residence, Toledo; location, Detroit and vicinity. 
METALLURGICAL ENGINEER; technical graduate; investigation 
of production problems; materials, specification, heat-treat- 
ment; consulting work on manufacturing and metallurgical 
problems; stampings, forgings. Residence, New Jersey; 
location, immaterial. 

CHIEF OR ASSISTANT CHIEF ENGINEER. Man now with prom- 
inent engine company wishes change; 18 years’ experience 
with well-known companies in layout work, sales, service, 
and production. Residence, Illinois; location, Ohio, Indiana 
or Michigan preferred but not essential. 


DRAFTSMAN; 12 years’ experience in the design and pro- 
duction of gas engines, automobiles and trucks. Executive 
experience and ability. Available now. Residence, New 
York City; location, East preferred. 

YOouNG ENGINEER Technical graduate wishes a position in 


design department of company building engines. Residence, 
New York City; location, New York State preferred. 


MECHANICAL AND CHIEF ENGINEER; 15 years’ experience on 
internal-combustion engines for tractors, trucks and agri- 
cultural equipment and 3 years general engineering. Resi- 
dence, Illinois; location, immaterial. 


STEAM AUTOMOTIVE E\NGINEER possessing organizing and sell- 
ing ability wishes position with a company about to develop 
and market a steam automobile. Research and designing 
experience. Residence, Illinois; location, Middle West. 


MECHANICAL ENGINEER; technical graduate with shop, design 
and production experience on interchangeable parts, trans- 
missions, differentials and tools. Residence, New Jersey; 
location, immaterial. 


FacrorRY MANAGER Graduate engineer who is experienced in 
the management of a force of 7000 men and thoroughly ac- 
quainted with organization and uptodate methods wishes to 
make connection in United States along commercial or manu- 
facturing lines. Residence, Finland. 


GRADUATE ENGINEER; 10 years’ experience in the design of 
engines, transmissions, axles and complete cars, and trucks. 
At present chief engineer of well-known automobile com- 
pany. Residence, Ohio; location, immaterial. 


Younc ENGINEER; Graduate of foreign technical school who 
is experienced in tool designing desires a position as agsist- 
ant engineer. Residence, New York City; location, New 
York City or vicinity. 

SUPERINTENDENT OR MANAGER; successful organizer with 14 
years’ experience in handling men mostly in the production 
of marine and automobile engines; technical graduate who 
has had practical training in a shop foundry. Residence, 
Ohio; location, Cleveland or vicinity preferred. 


SALES ENGINEER possessing a wide acquaintance among auto- 
mobile and truck builders and several years successful sales 
experience wishes to make a connection with a reliable 
automotive parts manufacturer for representation in Middle 
West. Residence, Toledo. 


ENGINEER DESIGNER; 20 years’ experience; technical gradu- 
ate; specialist in moderate and high-priced passenger-car and 
truck engines, transmissions and rear-axle design. Resi- 
dence, Detroit; location, immaterial. 


(Continued on p. 66) 
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See announcement at the head of the S. A. E. Employment 
Service column, p. 56. 


2 


to 
e, 
‘It 
ul. 


st 


r- 


ive 
ew 


in 
ice, 


on 
sri- 
2si- 


ell- 
lop 
‘ing 


sign 
ns- 
ey ; 


i in 
ac- 
ps to 
nu- 


1 of 
cks. 
om- 


who 
sist- 
New 


n 14 
tion 
who 
nce, 


Ju to- 
pales 
iable 
iddle 


ment 


December, 1922 THE JOURNAL OF THE SOCIETY OF AUTOMOTIVE ENGINEERS 


a 
on 


Westinghouse Service and the Garage Man 


No matter what sort of adjustments or 
repairs his car may need, the average car 
owner goes to the nearest garage or his car 
dealer for them. And while they are 
equipped to meet most of their customers’ 
requirements, satisfactorily and quickly, 
they are seldom able to service the elec- 
trical equipment on the cars, because of the 
difficulty they have in finding expert auto- 
motive electricians whom they can employ, 
or a knowledge of, and means of obtaining 
genuine replacement parts. 

To enable garage owners and car dealers 
to supplement the excellent Service now 
being given by the 290 Westinghouse Field 
Service Stations already established, West 
inghouse has prepared an Automotive Serv 


SME iii aes 





ice Encyclopedia and Parts Data for dis- 
tribution to garages throughout the United 
States. It will be supplied at cost to the 
garage man, $24.00 for the set of two vol- 
umes, or $12.50 for either volume purchased 
separately. $2.50 per year thereafter for 
subscription to quarterly issue of supple- 
mental sheets of information. 

This text book on Westinghouse Equip- 
ment will teach the garage man how he may 
co-operate with the Westinghouse Service 
Station nearest him in giving real Westing- 
house Service and supplying genuine West- 
inghouse Parts for the cars under his care 
that are Westinghouse Equipped. 


Diagrams of the wiring systems of all 
cars, Westinghouse equipped; detailed de- 








WESTINGHOUSE 
ELECTRIC 


scriptions of all the automotive etectrical 
apparatus Westinghouse manufactures; a 
complete list of Westinghouse Parts, giving 
style numbers, prices and the models of the 
cars on which they were installed; a list of 
Westinghouse Field Service Stations, indica- 
ting clearly where parts may be purchased; 
how to test fer trouble and exactly how to 
adjust, repair or replace any part of the elec- 
trical equipment that may need it—all these 
things are set down clearly and concisely in 
the Westinghouse Service Encyclopedia. 


The use of this Service Encyclopedia will 
bring about a further extension of Westing- 
house Service that will be all in favor of the 
man who sells and the man who owns a 
vehicle that is Westinghouse equipped. 





WESTINGHOUSE ELECTRIC & MANUFACTURING CO. - Automotive Equipment Department - Sales and Service Headquarters: 82 Worthington St., Springfield, Mass. 





- Westinghouse 





STARTING, LIGHTING & IGNITION 
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nterstate 


Refined — Open Hearth mere ; . 
0916 SALES ENGINEER for automotive equipment. At present 


f con 
nected with large company covering Mid-West territory 
Aggressive, resourceful. 


Residence, Chicago 


MEN AVAILABLE 


0917 FacTORY MANAGER AND ENGINEER; technical graduate with 

22 years’ experience in automotive industry; thoroughly 
familiar with modern foundry practice and competent to 
handle a large working force and maintain highest 


at lowest cost. Residence, Illinois; 


standard 
location, immaterial. 


0918 WorKS MANAGER technical graduate possessing 4 years’ 


7 ~ Te aaa experience in marine engineering and gas engine design and 
CADILLAC Steering Arm “LINCOLN” Steering Knuckle some airplane engine experience is willing to work in dif 
ede Yuterstate Chrome Nickel Steel | fine Yahecetabe Couna Wiceal Stel “ ‘ . —— é & « m di 

By Gre Timken Detroit Axle Ca By the Timken Detroit Axle Co ferent departments to qualify for managing position. Resi 


dence, New Jersey ; location, East preferred. 


0924 SmpRVICE MANAGER, EXPERIMENTAL ENGINEER OR FACTORY 
SALES REPRESENTATIVE; 10 vears’ experience including broad 
theoretical and practical training in automotive design 
Residence, Chicago; location, immaterial 


0925 EXECUTIVE ENGINEER; 14 years’ experience in the design and 
production of motor trucks, machinery and rail-cars At 
present chief engineer with well-known company in Canada 


tesidence, Hamilton, Ont.; location United Ststes preferred 


0926 RESBARCH OR CONSULTING ENGINEER; technical graduate with 
“ * " many years’ experience with leading automotive companies 
CHEVROLET Steering Knuckles 7 — ellison “a I an 
. speciai investigator on engine or automotive problems, tes] 

Fx Interstate Chrome Nickel Stee! . uff: - ayia . 

By Clifferd Jacobs Forging Co. dence, Buffalo; location, immaterial. 
Urbana Ill. “a : 

0927 AUTOMOTIVE ENGINEER; technically educated man with 10 


years’ experience in responsible engineering positions with 
leading companies. Competent to direct research or experi- 


id mental engineering. tesidence, New Jersey; location, im- 
n cAchtevement — 


0928 SERVICE AND SALES ENGINEER; thc’ oughly experienced in 
automobile and truck production; a capable executive who 
is competent to organize and develop personnel to a high 


The high standing of Interstate 


degree of efficiency. College education. Residence, New 
' Jersey; location, immaterial 

Alloy Steel can be truly estimated eamabdive 
° 0935 SALES MANAGER; exceptional experience; 10 years, in charge 
when the products of its users are of sales and advertising of a prominent automotive parts 
eg ° companies and for past 7 years sales manager of the auto- 
exhibited. motive division of a prominent company Known to major- 
ity of car producers Good references Prominent in the 


trade. Residence, Detroit; location, immaterial. 


At Detroit, during the Inter- 
national Steel Exposition, Oct. 2- 


0936 RESEARCH ENGINEER; technical education; 10 years’ research 
experience on automotives including automobile and marine 


engines, cars, motor boats and accessories Residence, New 
. York City; location immaterial. 
7, 1922, we were permitted to 
~_— - 7 0937 AUTOMOTIVE ENGINEER with 15 years’ experience desires a 
exhibit the vital parts as illustrated. responsible position. Recent experience has been with farm 
tractors and gasoline engine driven locomotives in a super- 
visory capacity. Residence, Ohio. 


It is an ACHIEVEMENT to be 
selected to furnish the steel which 


0941 ASSISTANT TO EXECUTIVE; university graduate with 6 years’ 
experience with motor-car producers. Competent to take 
charge of service work, purchases and stores stock, assist in 


e ° . ° engineering, etc. Airplane engine experience; also experi 
will satisfy the exacting require- mental work Residence, New York City; location, New 


York City or vicinity preferred. 


ments of these world leaders in 


the automobile industry. 


0942 CHIEF INSPECTOR, CHIEF DRAFTSMAN OR ASSISTANT ENGINEER ; 
15 years’ experience with prominent automotive companies 
Technical graduate. Experimental work. Residence, De- 
troit; location, Middle West preferred 


0943 PRODUCTION ENGINEER having a record of successful activity 
nterstate Hron & tee] p. with internationally known organizations as a_ production 
engineer. Thoroughly experienced in modern production 
j i é “ost c " sthods, inspection supervision control and 

104 South Michigan Ave. and cost control methods, I I 


. labor management. Highest of references. Residence, New 
Chicago York City; location, Eastern States preferred. 


(Continued on p. 68) 
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See announcement at the head of the S. A. E. Employment 
Service column, p. 56. 
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WAUKESHA MOTOR COMPANY waukeEsHA WISCONSIN 


The Worlds Largest Exclusive Builders of Truck. Tractor and Industrial Motors 
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Absolutely Uniform 
Throughout 


Hoyt Bronze-backed Bearings are known to the automo- 
tive industry for the absolute uniformity of the 

mixture—the first bearing or the thousandth, taken 
from the same or from different batches, are exactly alike. 


metal 


This very desirable feature follows a special mixing proc 
that is exclusive with the Hoyt Metal Company. 
Through its use the mixture is kept in a constant state of 
agitation throughout the period of mixing—at no time can 
the percentage of antimony, tin or other ingredients be 
higher or lower in one bearing than in another. 


ess 


Used by Prominent Engine Builders 


Hoyt Bronze-backed Bearings are used by some of the largest and 
foremost engine builders in the United States—they know 
Hoyt bearings may be depended upon give the 


for an unusually long period of time. 


This Booklet Will Help You—Send for a Copy 


Send for a copy of our booklet on Babbitt-lined Bronze Bearings 
it contains 24 pages of information that should | 


one interested in bearings and bearing design 


ve helpful to 


HOYT METAL COMPANY 


Boatmen’s Bank Bldg., St. Louis, Mo. 


New York Chicago Detroit 


¥ 


Toronto London 


SOCIETY 


m 13 vea xperience 
sales; in ig 5 years with 
” ; ind 3 years, cessf : 
Established ee eee 
ee not essential. 


Dronge~Dacked JDearings 
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MEN AVAILABLE 


0944 SALES ENGINEER AND EXECUTIVE; 10 


years’ experience in- 
cluding 6 years in charge of sales of large die-casting manu- 
facturer. Wide acquaintance among automobile and accessory 
manufacturers and larger accessory -jobbers. Residence, 
New Jersey; location, immaterial. 

0945 EXECUTIVE ENGINEER; organizing ability; over 15 years’ ex- 
perience in service and production. Residence, suburb of 
New York City; location, immaterial. 

0947 TooL ENGINEER; 10 years’ experience; had charge of the de- 
sign of two complete tanks and two complete tractors for 
the Government Residence, Detroit; location, Detroit if 
possible. 

0953 JUNIOR AUTOMOTIVE ENGINEER; experienced as automotive 
draftsman, tool designer, and experimental engineer. Tech- 
nical graduate. Residence, vicinity of New York City; loca- 
tion, New York City or suburb preferred. 

0954 ENGINEER desires to get in touch with a company that would 
be interested in the development and sale of a new type of 
hydraulic brake system. Residence, New Jersey; location, 
immaterial. 

0955 SALES ESNGINEER; 20 years’ experience as a district sales 
manager for prominent company manufacturing electrical 
equipment and anti-friction bearings. Highest references. 
Available now. Residence, Detroit; location, Middle West 
preferred. 

0956 AUTOMOTIVE ENGINEER; university graduate with 3 years’ 
experience in automobile, truck and tractor engine design, 
checking and sales work; also a general knowledge of shop 
production, testing and experimental work. Residence, New 
York City; location, immaterial. 

0957 SUCCESSFUL SALES ENGINEER with broad experience desires 
to represent manufacturer of high-grade technical product 
on Pacific coast with headquarters at Los Angeles. 

158 RESBARCH AND PRODUCTION ENGINEER; technical graduate 
possessing 8 years’ experience in tool design Residence, 
Cleveland ; location, Cleveland or vicinity. 

0959 METALLURGICAL ENGINEER; 12 years’ experience in technical 
manufacture, design, management, sales and research applied 
to increase of production; years as chief metallurgist in 
leading aircraft plant. Graduate electrical engineer; author 
of technical articles on metallurgy. Residence, Philadelphia ; 
location, East yreferred 

163 EXECUTIVE experienced in handling a large group of men 

chassis building and automobile pressed parts Years of 
experience in general engineering and design Residence, 
Massachusett; location, immaterial 

164 METALLURGICAL ENGINEER; college graduate with excellent 
technical and practical experience in open-hearth and heat- 
treating departments. Can handle men Experienced on 
large producticn jobs Residence, Cleveland ; location, Cleve- 
land or vicinity preferred, but not essential. 


965 WorRKS MANAGER OR OPERATING ENGINEER; technically trained 
man possessing 6 years’ broad mechanical engineering ex 
perience and successful ir handling men Re:idence, St 
Louis; location, immaterial 

f ASSIS I I CHIEF DRAFTSMA pas iger-car 
and 1 expel ( n both body and chassis worl A vail- 
I le New York Sta locatior Bast 

r 
SALES PROMOTION ENGINEEI chnical graduate and Society 
mbet ] s’ ex] n engineering il and 


luding years W 1 prominent parts manufacturer 


ssful sales enzineer. 


New 


irs, aS sut 


Residence, Spring- 
England preferred but 
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New Plant of the Kelly-Springfield Tire Company, Cumberland, Md. 


In this plant, admittedly the most modern and most efficiently equipped tire manufactory in the 


world, the famous Kelly Caterpillar truck tires and Kelly Kant-Slip Cords are made. The greatly 


increased production and the manufacturing economies made possible by the intelligent planning of 
this amazingly efficient plant are the reasons why now 


It costs no more to buy a Kelly. 


PERFECTION 


ts can’t teach an old dog new tricks,” nor can you 
expect an organization that has always made good 
springs to make any other kind, even at a time when the 
pressure of price is as terrific as now. 


“Perfection” has always meant good springs since the early 
days of the automobile, and the Perfection factory organi- 


zation from McIntyre down still builds Perfection Springs 
in accord with that tradition. 


THE PERFECTION SPRING COMPANY 
CLEVELAND, OHIO 
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MEN AVAILABLE 


0971 METALLURGICAL ENGINEER; 5 years’ experience as factory 
manager and 3 years as sales engineer. Complete details 
as to ability, references, etc., will be given to companies in 
need of a capable and successful man with these qualifica- 
tions. Residence, Cleveland. 


0972 ASSISTANT GENERAL MANAGER, WORKS OR SALES MANAGER 
14 years’ experience in prominent automobile factories and 
related industries. Dependable result producer. Has held 
positions as superintendent, department head, director of 
purchases, chief engineer and factory manager. Residence, 
Detroit 


0973 CHIEF ENGINEER; chief draftsman; consultant; long ex- 
perience on buildings, plant and machinery. Familiar with 
body and chassis. Residence, Cleveland; location, Pacific 


coast preferred but not essential. 


0974 AUTOMOTIVE ENGINEER OR DRAFTSMAN; technical graduate; 
over 10 years’ satisfactory experimental work on trucks, 


tractors and passenger cars. Residence, Syracuse: location, 
The Fastest mos 


0975 WoRKS MANAGER AND ESNGINEERING EXECUTIVE; engineering 
graduate with 13 years’ experience in factory management 
and as engineering executive. Cost reduction a specialty 

Qn Ver Trave e Available at once. Residence, New York City; location, 
Metropolitan Section preferred 


0976 ENGINEER Technical graduate with 3 years’ general con- 
struction and engineering experience as an airplane designer 
and engineer desires a designing, experimental or research 

s+ : : . | position. Residence, New York City; location, immaterial. 

Field, averaging 206 miles per hour, Lieutenant R. L. 


After winning the Pulitzer Trophy Race, at Selfridge 


0977 Bopy ENGINEER OR DRAFTSMAN; technical graduate; 9 years’ 
experience high class automobile bodies. Residence, New 

. : . > : York City; location, immaterial. 

equipped Curtis Army Racer over a kilometer course at 

0978 Layout DRAFTSMAN with technical education; 3 years’ ex- 
perience on frames, axles and general chassis layout work 


tt Said Bay - and 2 years’ general drafting on automobile engines tesi- 
atiaime? y man. dence, New Jersey; location, immaterial. 


Maughan, two days later, on Oct. 16, sent his Zenith- 


the rate of 248.5 miles per hour—the highest speed ever 


POSITIONS AVAILABLE 


245 SALESMEN with sufficient engineering ability so that they are 
familiar with internal-combustion engine detail and can talk 
with repair shop men on subjects in which they are interested 





and in which the company is interested, particularly pistons, 
cylinders and the packing of pistons. Considerable territory 
open for men having this ability and several branches open 
where sales managers are needed Location, New York City 
Again in Aviation—as in other fields where internal com- 266 WHOLESALE AUTOMOBILE SALESMEN. One or two good men to 

work under district manager, covering several states in Chi 
bustion engines are used—the Zenith Carburetor justifies 


cago territory. 


the confidence in which it 1s universally held. 270 SALESMEN and district sales managers are needed by piston- 
. ring company in New York City 

Again, where the utmost in performance and dependability OF SES Se SNE Wi i Saperenae 

: - on taper roller bearings, preferably man who has been 

is required, Zenith is the unhesitating choice. employed by the Timken Roller Bearing Co., is wanted im- 

mediately Must have wide experience in all details and 


* ; will make his headquarters in New York City 
[he same super-performance—the same dependability—is ' ; itachi = 
: 384 HIGH-GRADE SALES REPRESENTATIVES Two men with me- 

inherent in every Zenith Carburetor; and there is one for chanical knowledge to act as special sales representatives in 

: assisting branch managers analyze and promote the sale of 
every Car, truck and tractor. motor trucks to oil and gasoline, packing, wholesale grocery 
and food products industries. Must have a thorough knowl- 
edge of and wide acquaintance with executives of one of the 
above industries and travel extensively. Make application 
iT ee A ‘ by letter giving personal characteristics, business experience 
ZEN H C. RBURETC IR CO. in detail, salary expected and date available. Headquarters, 
Cleveland 
Factories at 


- . . 7 A 72 
Detroit, Lyons, Turin, London, Berlin CARINE Om TE) 








See announcement at the head of the S. A. E. Employment 
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Lamp Brackets 


Hinges 


Hood Fasteners 
No. 9507 


MALLEABLE IRON CASTINGS 


THE EBERHARD MANUFACTURING Co. 


CLEVELAND, OHIO 


TRANSACTIONS 


OF 


THE SOCIETY OF AUTOMOTIVE ENGINEERS 


AVAILABLE BACK NUMBERS 


¥ PRICE 
ae PART I, 1913|PART Il, 1917|PART I, 1920 To 
TO MEMBERS | PART Il, 1913|PART 1, 1918] PART Il, 1920] NON-MEMBERS 
aaaneil PART I, 1914| PART II, 1918|PART I, 1921 $10.00 
PART I, 1915|PART I, 1919 PER PART 


PART 1, 1917] PART II, 1919 


PLEASE ENCLOSE YOUR CHECK WITH YOUR ORDER 
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POSITIONS AVAILABLE 


385 PRACTICAL MAN who understands the magnetizing of steel 
for experimental work from the theoretical side also is 
wanted by a well-known manufacturing company. Experi- 
mental work will last about 1 year, but will lead to excellent 
position. Location, New Rochelle, N. Y. 


394 TRUCK SALESMAN is desired by company in Brooklyn. 


396 


METALLURGIST Man over 35 years of age is wanted by a 
company located in New York State. Must have at least 10 
years’ experience and be thoroughly versed in the treating 
of alloy steels, etc. Man with experience on a large produc- 
tion job preferred. 

397 CHIEF INSPECTOR wanted by a company in New York State. 
An engineer who is able to organize an inspection depart- 
ment and will have under his supervision from 100 to 150 
inspectors. This company will manufacture all of its own 
units including engines, axles, transmissions, steering de- 
vices, etc., and wants a man for this department who is 
diplomatic and thoroughly understands the latest inspection 
methods and how to handle men. Appointee will be under 
the engineering department’s supervision, but will come in 
contact practically all of the time with men in the production 
department. 


402 ELECTRICAL REPAIR MAN for general repairing of automobile 
electrical equipment and service work. Location, North 
Carolina. 


The shortest cut 
to getting your 





409 Tracer for engine design department of prominent airplane 
company in New Jersey. Phone for interview. 


411 MACHINISTS, INSPECTORS AND ASSEMBLYMEN Permanent 
positions are open for first-class men. Production for 1923 


is expected to reach over 200 cars of the very highest quality. 
Communicate with W. A. Doble, general manager, Doble 
Steam Motors, 714 Harrison Street, San Francisco. 


414 Man is wanted by company in Cleveland to handle the 
marketing of a car that is built to cater to that class of 
trade desiring a high-grade closed car. Only men with 
experience handling a car along similar lines need apply. 


full money s 


$22 ENGINEERS Positions in central office engineering division 


W h h 
O Y t ] hn t S are open for men with college training in engineering or the 


physical sciences Practical telephone experience may take 
the place of college training. Location, Chicago. 
$23 DRAFTSMEN who have had technical high school training and 


from 2 to 4 years’ drafting experience, preferably in the 
power or telephone fields. Location, Chicago. 


things you buy 
is—Quality. 


SALES MANAGER Man with sales experience on automotive 
accessories is wanted for New York territory. Good proposi- 
tion for the right man. Technical knowledge preferred, but 
sales ability would do Headquarters, Detroit. 


25 SALESMEN wanted immediately, covering automobile jobbers 
ind dealers, to sell horn on commission basis Exclusive 
territory to a producer. Location, New York City. 


426 ASSEMBLY FOREMAN wanted by prominent st 
pany in San Francisco. 


am 


$29 RESEARCH ENGINEER wanted by machine company in Wor- 
cester. 

$32 CONSULTING ENGINEER is wanted by prominent 
Middle West 


ympany in 


Genuine Made Only By 


133 DeTaIL DRAFTSMAN wanted by company in New York City. 
Must be thoroughly familiar with cars and engines and a 
university graduate 


434 MAN to assist truck sales manager. Good truck experience 
Location, Ohio 
a 
*435 ENGINEER with experience in manufacturing and designing a 
é a er rif 0 motor-driven electric horn wanted by company at Milwaukee. 
e In making application, state experience, age, previous em- 


. 
ployment and salary expected 


(Concluded on p. 74) 


_ Toledo, Ohio, U. S. A. 


Se¢ innouncement at the head f ti S \. E. Employment 
Service column, p. 56 
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Toledo Cast Head Valves Save 
Money For Those Who Use Them 


ANY engineers and manufacturers are 
finding a welcome cost reduction in 
the application of Toledo Cast Head Valves. 


Toledo Cast Head Valves are not offered 
as an interesting and attractive theory nor 
as something merely less expensive. 


They have a much wider suc- 
cessful application than 


has been gen- erally 


recog- 
nized among en- 
gine builders. 
Fortunately there are simple 
ways in which positive and conclusive TOLEDO 
facts about it can be produced. 
Tell us what are your requirements. If we 
undertake to meet them, we are prepared 
to prove conclusively that it can be done. 


THE TOLEDO STEEL PRODUCTS CO., Summit St., Toledo, Ohio 





“STANDARD” CRANKSHAFTS—From the time of the first 
drop forged automobile crankshaft we have had the reputation of 
turning out finished crankshafts that could not be equalled for accu- 
racy and workmanship. Our complete equipment and the rigid 
inspection to which every crankshaft in our shop is subjected insures 
the customer crankshafts which are absolutely in accordance with his 
specifications. 


If you are having trouble in securing finished cranks that are 


not up to your specifications c once. e will guarantee 
t toy fications consult us at We will g t 


complete satisfaction and an actual saving of time and money in the 
assembly of your motors. 


ALSO MANUFACTURERS OF 
Cold Drawn Steel Elevator Guides, Shafting, 
Screw Stock, Flats, Squares, Special Shapes, 
Finished Connecting Rods, Machine Keys, 
Ma Machine Racks 


STANDARD GAUGE STEEL COMPANY 
Beaver Falls, Pa. 
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net ») ‘ ry. TO a ‘ 
POSITIONS AVAILABLE 
rt 
. ¢ 438 TRACERS OR DETAIL DRAFTSMEN. Two men with experience 
. in airplane design work are wanted by airplane company in 
a z New Jersey. 
ry 439 CHEMIST by a company in Pennsylvania will soon be needed. 

Also a few all around rubber men who understand the manu- 
- facture of rubber toy balloons, and drug sundries. 
me 143 DRAFTSMAN experienced in mechanical work. Permanent 
iy position. Salary about $40 per week. Wanted immediately. 
nA Location, New Rochelle. 
= 3 144 Bopy ENGINEER wanted by motor-car company in New Jersey. 
7s \4 = ‘ , 
Be. 445 AUTOMOTIVE RESEARCH WOoORKERS. Prominent company in 
vs — New York City wishes two technical graduates. 
: bd ° | i , , 

Ls a nir In e ow = 446 MEN who have a knowledge of internal-combustion engines 
24 y — are wanted by prominent shipbuilding company in Pennsyl- 
& . e vania. 
_ Ra la a earings re *447 PRODUCTION AND WoRKS MANAGER to take complete charge 


of plant at Brooklyn, N. Y., employing about 350 men and 


e e ~ manufacturing automobile hardware, die-castings and stamp- 
@a or ransmission x ings. Must be a mechanical engineer and thoroughly 
( 
| 
‘* 


most Xan Bk i ft) 
_ |. ee, 


Service 


perienced in the production of small accurate parts in large 

todate manufacturing methods and factory cost systems and 
Automobile transmission shafts must be : 
4 


able to organize the various departments and obtain the co- 


4 


operation of the employes. A man with extensive experi- 


quantities as well as a capable executive, experienced in up- 
: ’ ~ ; ae ence in a similar capacity is what is required. Write, giving 
maintained in accurate alignment. Otherwise 


bt toe 8 


= : seacr 3 “ full detailed information, experience, references, age, and 
Me the gears will not mesh properly, resulting in 1 sie quae 

= power loss, noisy operation, and shortened ec a EL a 
- gear life. _ See announcement at the head of the S. A. E. Employment 
2 This accurate alignment depends on the fj Service column, p. 56. 

- bearings which support the gear shafts. Bear- 

3 ings which wear allow the gears to drop out a 

- of mesh. Such bearings require frequent ad- c 

nN justment to compensate for wear. This is A 


never satisfactory, since there is great danger 
that the adjustment will not be accurately 
made, and, therefore, that the original align- 
ment will not be completely restored. 

Fafnir Radial Ball 
Bearings are virtu- 
ally frictionless and 
wearless. Since they 
do not wear, adjust- 
ments are never 
needed, and, there- 


? 


Ad 
hm A eo 


¥ 


ei 


‘ 


ZN _¢4 
a4 


wane yy emt tt tne $4 


espe 





fore, misalignment ‘ 
| cannot occur. e 
x Such considerations a 
. make Fafnir Radial fF 
had Ball Bearings ideal ¥ 
, for motor car trans- 5 
~ mission service. ~ 
<4 All Standard Types 2 
<f and Sizes. * 


Use Cold Molded Material to Reduce the Cost 
THE FAFNIR BEARING COMPANY | of Radiator Caps 


: Cold molding by the Alco process produces @ Radiator Cap of the finest quality— 
Conred Patent Licensee lustrous, durable and heat resisting. Alco Radiator Caps are guaranteed not to 
New Britain Conn. warp, crack or change in color. They are not affected by anti-freeze mixtures. 
’ In order that manufacturers of cars and trucks may better know the Alco process, 
we have established an engineering and designing department and place it at 
their disposal. A request for additional information will receive the prompt 
attention of this department. 


AA 


y A OTS 


DETROIT Office: 752 David Whitney Bldg. 
CLEVELAND Office: 1016-1017 Swetland Bldg. 
CHICAGO Office: 537 South Dearborn St. 
NEW YORK Office: 5 Columbus Circle. 
NEWARK Office: 271 Central Ave. 


oy 2 4 
L) 2 Fs 


American Insulator Corp... New Freedom, Pa. 


L 

y 

» 

A 
K Chicago Office: 564-570 West Monroe Street. 
J 





£'\ Montreal Office: 3 St. Nicholas Street 
RICO New York Office: 52 Vanderbilt Avenue 


R 


Mak ak Sr | pn ye Etat yr yy gS fe 2 py ah ph § py Sy. 
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ADVANCED LIGHTING 
Safe, Courteous and Lawful 
road illumimation 


Flatlite reflectors meet the 
demands of motorists and require- 
ments of every state lighting law 


From the highly polished silvered surfaces of FLATLITE 
reflectors a wide, level beam of clear, penetrating light is pro- 
jected through plain, clear glass lenses. Their performance 
under all road conditions is unequalled. Distance and roadside 
illumination with absence of glare insures safety to the driver 
and approaching car. FLATLITE reflectors are practical 
and deserve the consideration of every automotive engineer 
and purchasing agent. 


| THE AMERICAN FLATLITE 
Front View 808-810 Walnut St. Building Cincinnati, Ohio 


Highest Quality Zig-Zag Cellular and Spiral Tube 
Radiators for Passenger Cars, Trucks 
and -Tractors 


National Products Are Quality Products 


NATIONAL CAN COMPANY 


Radiator Division 


Detroit Michigan 
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BEARINGS COMPANY of AMERICA 


GONRNEOONONS PORE AAAALANATOOUSERNANOONUE ALLO ONL SEASANENGOUOUEENNGANSANANOGAUTLGAEAt ANU CULO EERNNNEGONOQOOUUULUNRENONONORUONUOUNUE SO 046040 UQ0H0NENECGATEONUUORN 


Manufacturers of 
THRUST BALL BEARINGS OF ALL TYPES 
ANGULAR CONTACT THRUST BEARINGS 
ANGULAR CONTACT RADIAL BEARINGS 


Let our Engineers help to solve your Bearing Problems 


Factory Western Sales Office 
LANCASTER, PA. FORD BLDG., DETROIT, MICH. 


WINANS—PIONEER CURTAIN LIGHTS 


(Blinded-in Type for Lined Curtains) 


A “Production” Light | 


Installs fastest with less operations. 

Makes a smoother, more attractive job. 

Less glass breakage in installing. 

Does not require skilled trimmers to put it in. 


An “Engi ’s” Light 
An “Engineer’s” Lig 
Sealed against water. Rubber tubing each side of the glass. 
Glass cannot slip, rattle nor break. 
Fabric held by rubber tubing. No screws, tacks, clinches, studs, cement, shellac or putty 
necessary. 
Ask for complete information and samples. 


THE BREWER-TITCHENER CORPORATION, = ‘3"*"* 


Bow Sockets—Drop Forgings—Stampings 
Top and Body Trimming Hardware 









I 
[ 
\ 


— 


STORAGE BATTERIES 


For 2 To make better gears— 








ips 
1 
Wii 
f . \ . 
=f 
~ tl 


Automobiles 
and Radio , \ A Suilt to qj: e beyond the power of science, equipment and 4 
Quality Built ko A r : 4 but our an bition is to excel the impossible. ‘ 
Price Right eae ears of this super-quality interest you? = 
] ie 
Service 1 — — 
ranteed i= = 
Gua ; eRe rete: + >| ene oi 
> a cma 
£Y¥u a 
Y p 





THE VAN DorRN & DUTTON Go. 
CEAR SPECIALISTS 


ALWAYS DEPENDABLE 


MARKO STORAGE BATTERY CO. 
1402 Atlantic Avenue, Brooklyn, N. Y. 


CLEVELAND OHIO. U.S.A 
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What Is the Cost 
of Poor Ignition > 


The Leader 


When you think of Ammeters, 


consider _this:—More Nagel 
Ammeters are now used than 
any other kind. Three million 
of them have been bought as 
standard equipment on more 
than fifty well-known makes of 
motor cars and trucks 


AM ME :TER 
THE WGNAGEL ELECTRIC 0g 


TOLEDO OHIO 





Drop Forgings 
Backed by 40 Years’ Experience 


Anything That Can Be Drop Forged Up to 
300 Lbs, 


Any Analysis of Steel 


Complete Equipment Heat-Treatment and Laboratory 
Medern Methods 


vonne se ting Rod 


—e~ 


Rear — _—- 


~ ere 


UNION SWITCH & SIGNAL COMPANY 


PITTSBURGH DISTRICT SWISSVALE, PA. 





SCINTILLA MAGNETO CoO,, 
225 WEST 57th ST., 


Usually the condemnation of 
the entire vehicle by its owner 
because of lost time and 
annoyance. 


Scintilla ignition, by reason of 
its sound engineering design 
and splendid construction has 
proved its unfailing reliability 
in all classes of service. Wit- 
nessed by its universal success 
in automobile racing, aero- 
nautics and by its choice as 
standard equipment by the 
most critical passenger car, 
truck manufacturers and fleet 
operators. 





INC. 
NEW YORK 
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BRASS FACTS 


Helping the Manufacturer 


EXPERIENCE of the most success- 
ful manufacturers has shown them that 



















Sterling 
is the 


Sterling 
largest Dash 


it is neither practicable nor efficient to 


‘a! 
: producer 7, j Ammeters 
make all parts under one roof. In this x a ; | ; are 
age of specialization and sub-division Ammeters 


made 
according 
to 
8. A. E. 
standards. 


of industry, it pays them to resort to 
the specialist. 

During the past 120 years our devel- 
opment and growth have put us into a 
most advantageous position, not only 
to make small parts or complete arti- 
cles for other manufacturers, but also 
to supply them with the raw materials 
best suited to meet their own manufac- 
turing needs. 

How can we serve you? 


Brass Mill Products 


Manufactured Articles to Order 
Mills and Factories—Waterbury, Conn 

Sales Offices—New York, Chicago, Boston, “Cleve- 
land, Philadelphia and San Francisco 


world! 


DASH AMMETERS 


Bs ABLISHED 1802 


ISCOVILL 


MANUFACTURING COMPANY 


entree Equipment on many of America’s leading 
ars. Their simple and rugged construction adapt 

aed for long and satisfactory service. 

Velen Production, long experience, modern daylight ge fireproof 


Flush or projecting cases in any style or finish, Etched metal dials 
finished in black or silver, any scale. 
Write for descriptive matter, samples or quotations. 


THE STERLING MFG. CO. 


2831-53 Prospect Ave., Cleveland, Ohio 
Detroit Office, 1309 Kresge Bldg. 


VMM@¢CHCCHM@@CCCH@HH@CHCHHH@@MM|@wmwlllléll 


VUE@EE@E@ELT@@qXMHCMM@@flllll 











Have We Your Correct Address ? 


The New York Office is just as anxious as the individual members that they 
receive THE JOURNAL and other communications promptly. 


This result cannot be achieved unless 


Members notify the office whenever they make a change in their business connection or 
their mail address or both. 


Members who have been in the service of the Government either as civilians or in the 
Army or Navy let us know when they leave the service and aiso when they re-enter 
commercial fields. 


Your cooperation is necessary and will be greatly appreciated. 


| May We Have It? 


SOCIETY OF AUTOMOTIVE ENGINEERS, Inc. 





— 
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One of the outstand- 
ing features of Arrow 
Grip Non-Skid 
Chains is the ease and 
rapidity with which 
they may be attached. 
Two parts constitute the complete Arrow Grip 
unit: clamp and chain. The clamp, of rust 
proofed malleable iron, can remain permanently 
on the spoke; the chain, of welded steel, is at- 
tached instantly, when required. 

As effective as they are simple. Make Arrow 
Grips standard equipment on your trucks and 
guarantee full performance regardless of weather 
or road conditions. 

















Correspondence from Automotive 
Engineers Invited 


Samples on request 


ARROW GRIP MEG. CO. Inc. 


Glens Falls, N. Y. 
Export Office: 280 Broadway, New York 


a A POW ‘GRE 4 


NON-SKID CHAINS FO SOUO TIRE VEHICLES 


Fifty Thousand 
R. P. M. 


Vf ODERN mechanics require 

some startling speeds. The 
only bearing which will serve 
speed requirements safely and un- 
interruptedly is the ball bearing. 





PAT. OFF. 


Gurney Ball Bearings are serving 
in machines of all degrees of 
speed—carrying light or heavy, 
slow or fast loads safely and un- 
interruptedly. 


Let Gurney engineers assist in 
securing safer, simpler, more effi- 
cient bearings for your machines. 


Gurney Ball Bearing Co. 


Conrad Patent Licensee 


Jamestown, N. Y. 


GURNEY 


BALL BEARINGS 


18127 








80 THE JOURNAL OF THE SOCIETY OF AUTOMOTIVE ENGINEERS 







Johns-Manville Aids Buyers 
of Automotive Equipment 


Automotive Engineers, in the market for auto- 
motive equipment, will find Johns-Manville 
Engineers ready to offer co-operative service 
on Johns-Manville automotive equipment, at 
any of our branches. Johns-Manville serves all 
industry, the automotive being one of many 
in which we have specialized. 











Write, wire or phone our nearest branch. 







JOHNS-MANVILLE 
Automotive Equipment 


Non-Burn Asbestos Brake Band 
Lining 
Johns-Manville Brake Lining for 


Ford Cars 

Johns-Manville Clutch Rings and 
Facings 

Johns-Manville Speedometers 

Johns-Manville Hub Odometer 

Johns-Manville Auto Tape 

Johns- <> Packings for Au- 
tomobile 

“Noark” Rate Lighting Fuses and 



















Jouns- 
ANVILLE 
SERVICE 















JOHNS-MANVILLE,Inc. 


New York City 























The Largest Manufacturer 
hinishing Both Crankshatts 
And Camshafts Exclusively 


200,000 


motors built annually for passenger 
cars, tractors and trucks are timed 
by our camshafts and driven by our 
crankshafts. 


Mr. Motor Builder, our experience 
and facilities merit your considera- 
tion. 





JACKSON J MOTOR SHAFT COMPANY 


4 Cc H 1G A N_ 
_— W SS — SS WK MG WAN SS 














Branches in 60 Large Cities 
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FRAZER & JONES 
COMPANY 


Skilled Founders 


of 


Malleable 
lron Castings 


Office Address: 
351 West Fayette St. 


SYRACUSE NEW YORK 





; ' - o™ 
&*« 
Give strength and durability to your product. 
Uniform in size, in metal and in balance, they 


finish economically. Write for a Champion 
Engineer or send in your blue prints. 


THE CHAMPION MACHINE & FORGING CO. 
3698 E. 78th St., Cleveland, Ohio 


New York Office—36 Church St. 
Philadelphia Office—Bourse Bldg. 
Detroit Office—705 Ford Bldg. 


Witcox Moror Parts 


é. Mec Co, 


SAcinaw ~ MIcHIcAN. 


VALVES 
TAPPETS 
PISTON RINGS 
PISTON PINS 





V4 
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PLUS ! 


All the advantages of the conventional tapered 
roller bearing, plus— 








the exclusive design of the rollers, a spherical 
head that rolls— 


resulting in less friction, consequently less 
wear, less trouble, longer life— 





- in short, better service. Not theory, but proved 
| facts. 


THE BOCK BEARING COMPANY 
Toledo, Ohio 











SIMPLICITY-RUGGEDNESS S P R | N GS 


EFFICIENCY-RELIABILITY 
ow i G me ETO ment after coiling, and no particular accuracy 
treated after coiling, held to close limits for 
Conforms to S. A. E. Standards (aS 
rat late ok eo. THE WM. D. GIBSON CO. 


Always associate these Qualities with E specialize in the better grade of springs, 
as to strength or dimensions; and others of 
strength and size. We prefer to make the 

ed eee latter kind. 

A BETTER SPARK IN A SIMPLER WAY ; ; ; 

SSS —_—_—_—_—_——— We have an interesting booklet on springs, 
You want to know more about this simplest magneto— 1800 Clybourn Avenue Chicago, Ill. 

















for the automotive industry. There are 
, many grades of springs, some of hard-drawn 
wire of uncertain properties, with no heat treat- 
high-grade materials, carefully made and heat- 
not just a catalog. Get your copy now. 
write 1128 Oregon Avenue for details. 
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DROP —FORGINGS 


often cheaper than castings 
— always far superior — 





J. H. WILLIAMS & CO. 


“The Drop-Forging People” 
BUFFALO 
11 Vulcan St. 


BROOKLYN 
11 Richards St. 


CHICAGO 
1011 W. 120 St. 


Do You Know the Possibilities of Steam for 
Automotive Engines? 


Get Prof. Stumpf’s New Book, 
The Una-Flow Steam Engine 


Eo 


STUMPF LOW 





Send $5 Today for 
Your Copy. 
Postage Paid 


Stumpf 
Una-Flow 
Engine Co., 


Ine. 
206 E. Genesee St. 
Syracuse, 


N. Y. 








Where National Lens comes First— 


used as standard equipment on 
the following well known cars: 


Buick 
Chaimers 


Chandler 
Cleveland Maibohm Stearns 
Chevrolet Oakland Gardner 


L. E. SMITH GLASS COMPANY 


Mount Pleasant, Pa. 


Oldsmobile 
Paige 
Starr 


Durant 
Liberty 
Maxwell 


THE AUTOMOTIVE 
ELECTRICAL EQUIPMENT 
that sets the pace the world over. 
The original, genuine 


S30sche 


Tgnition—Lighting and Starting System. 
Send at once for new edition “Bosch Facts’’ 
criptive literature 
ROBERT BOSCH MAGNETO CO., Ine. 
Otto Heins, President 
123 West 64th Street New York, N. Y. 


Several hundred U. 8S. Service Stations 
—Representatives the World Over 


and interesting des- 
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More than 200 
Motor Car and 
Truck Builders 
Use It. 


ELECTRIC 
STARTERS 


ECLIPSE MACHINE CO. 


ELMIRA *N.V.¢ 


AUTOMATIC ENGAGING 
& DISENGAGING 


When you buy guaranteed results you can enter the market pre 
pared to sell guaranteed results. 

Qur engineers will analyze your felt requirements for every 
specific service in your motor car, truck or tractor, and specify 
a grade, that will do its work right. With these specifications 


you can be assured of always getting the same felt. 


There is no charge for this service 
Address our nearest office 


Boston Detroit 





Radia tors 


THE G & O MANUFACTURING CO. 


Tubular and Honeycomb Radiators 


NEW HAVEN CONN. 





A New Universal Joint 


Overcomes Universal Joint Weaknesses. 
Sizes for all passenger cars and trucks. 


OIL RETAINER is on the inside 
of the housing, held against a one-piece 
ring cork packing by constant spring pres- 
sure which positively keeps dirt out and 
the lubricant in. Working parts operating 
constantly in a bath of clean oil elimin- 
ates wear almost entirely. 
Wearing parts are a 
one-piece ring and 
two straight pins. Re- 
place these and you have 
practically a new joint. 
The one-piece hous- 
ing is the load carry- 
ing member. It is so strong that 
you cannot break it, neither can flying 
stones dent it and spoil its oil holding 
ability 

We also make Disc Universal Joint Assemblies. 
We KNOW PRICES ARE LOW, BUT HAVE YOU SEEN OURS? 


THE UNIVERSAL MACHINE CO., Bowling Green, O. 














- 
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MEMBERS’ PROFESSIONAL 
CARDS 





Ethelbert Favary 


(Author of ‘‘Motor Vehicle Engineering’’ for Designers) 
Consulting Development Designing Research 
Engines and Chassis Redesigned for Quantity Production, 

Machines and Devices designed, constructed and tested. 
Complete Drafting and Machine Shop Service 


17 W. 42nd St., New York. Longacre 10134 


“hE EE Manly and Veal * $e» | 


(Consulting Engineers) 


mechanical—automotive—industrial 
Coordination of engineering and manufacturing requirements in the design, | 
production and operation of automotive power plants and vehicles. 
Design, Development, Specifications, Organization, 
Inspection, Investigation, Tests and Reports 
250 Went 54th Street, New York City. 























8. A. E.. New York A.S. M. E., New York. l. A. E., London 


Cornelius T. Myers, M. E. 


CONSULTING ENGINEER 


REPORTS—DESIGN—TESTS—DEVELOPMENT 
Magasine Oiling Systems for Springs, Shackles and Universal Joints 








RAHWAY NATIONAL BANK BLDG RAHWAY. N. J 


| -C. T. Schaefer 


(Author of Motor Truck Design & Construction) 
Consulting, Design and Development 
Passenger Car and Truck Design 


2641 Russell Ave. ST. LOUIS, MO. 


STUMPFLOW DESIGN 


Of Complete Automotive Power Plants 


Licenses under Patents of Prof, J. Stumpf, 


STUMPF UNA-FLOW ENGINE CO., Ine. 


206 E. Genesee St., Syracuse, N. Y. 














8. A. B 
A. H. T. A. 


O. E. Szekely %%%+ 
MOLINE, ILLINOIS 
Mechanical and Automotive Engineer. 
Engineering and Laboratory Departments. Complete Experimental Equip 


went, Testing Machines. Universal Machine Shop and-Pattern Shop for 
Single Piece Reproduction of Our Designs. 
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DO 


COMPRESSION 


COU PLINGS 


f 


ie ae A 





AFTER 
COMPRESSION 


OIL WATER, GAS CASON Or AIR 


Aspewed lap Llacarvoritet's Uopboredories 
ASK US FOR ~ tena SHEETS 


OHIO iy L PRODUCTS CO. 


yton, Ohio. : 
Sales iyi ag Detroit. Mich. 





INTEGRAL 
CAMISHIATiIS 


Accuratime means Accurately Timed and Accurately Built 








“The Best Cam Shafts Made’ 
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FORMED TUBULAR 
PARTS 


such as 


Torque Tubes, Axle Housings, Radius Rods, Ex- 
haust Tubes, Tail Pipes, Ignition Wiring Tubes, 
Steering Column Posts, Lamp Tie Rods, Radiator 
Outlet Pipes, Straight Tubing in mill lengths rang- 
ing 4%” to 3” O. D. 6 to 22 Gauge. 


Made from the well known 
Standard Brazed and Welded Steel Tubing 


THE STANDARD STEEL TUBE CO. 
TOLEDO, OHIO 


Counter Balanced 


Crank Shafts 


MADE BY 






CLEVELAND, OHIO 





MOLTRUP’S 


Accurately Finished Free Cutting Cold Drawn 


SCREW STEEL 


is specified by particular manufacturers of high grade 
automotive parts. 
ROUNDS—HEXAGONS—SQUARES—FLATS 
COLD DRAWN SHAFTING AND SPECIAL SHAPES 


Other Moltrup Products: 


Finished Machine Keys, Standard Woodruff Keys, Finished 
Machine Rack, Flattened, Ground and Polished Steel Plates and 
Discs, Foundry Pattern Plates, Finished Crank Shafts 


MOLTRUP STEEL PRODUCTS CO., Beaver Falls, Pa. 








The Universal Push Button 
PERFECT CONTACT IS SECURED ON ANY ANGLE. 
More Than Two Million in Use 


THE GENERAL PHONOGRAPH MFG. CO. 


| (Formerly named The Garford Mfg. Co.) 
Ex.yria, OnI0 


THE PARK DROP FORGE CO. 
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PATTERNS 


Wood—Metal—Experimental—Production 


Special Production Equipments designed by Our Engineers 
to suit the requirements of Your Foundry. 


Our complete equipment .enables us to make patterns ac- 


curately machined at every point at the same price you 
pay the small shop for a “scraped’’ job. 


STANDARD PATTERN WORKS OF 
DETROIT, INC. 


CAMERON B. WATERMAN, M.S.A.E., Pres. and Gen'l Mgr. 
ROBERT MITCHELL, Superintendent 


682-690 East Fort St. DETROIT, U. S. A. 

















NOTICE 


Effective July Ist, 1921, a 5% discount from Collision 
premiums on Commercial automobiles is permissible for 
the attachment of an approved front bumper and/or an 
approved radiator guard. (5% shall be the maximum 
reduction, even when both bumper and guard are at- 
tached.) This reduction shall apply to full coverage, 
$50 deductible, and $100 deductible. 


This reduction in premium should make it worth your 
while to investigate the merits of the Mansfield ¥ront 
Bumper, Standard and Packard Special Radiator Guards, 
all of which have been “Listed as Standard” by the 
Underwriters’ Laboratories. 


MANSFIELD STEEL CORPORATION 


954 East Milwaukee Avenue Detroit, Michigan 


glee Manufacturers | 


Model 


This model especially built for car 
manufacturers is rapidly being adapted 


as standard equipment by leading 
makers. Full information on request. 
The Folberth Auto Specialty Co. 


Cleveland Ohio 


FOLBERTH 


VISSHIELD fic 
wybsi DSHIELD CLEANER 


< [DURSTON 


TRANSMISSIONS 





For trucks up _ to 
one-ton capacity, 
and Passenger Cars. 


DURSTON GEAR 
CORPORATION 


| 134 Maltbie St. Syracuse, N. Y. 


EE SP 
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Tite flex Oil, Water and Gasoline Lines for Automobiles, Trucks and Tractors. 


250,000 


TITEFLEX LINES INSTALLED IN THIS SERVICE. 











Tass © OSCE CE CC 6S Se SOS SS ee 
LOR PI IARI DAD ADA ARIPO DP APPA PDI DE PEO 


Tite flex lines furnished with couplings as complete assemblies make 
installation quick and easy. 


TITEFLEX METAL HOSE CORPORATION 


BADGER AVE. and RUNYON ST. NEWARK, N. J. 


PI ESaA\ 
y= V7oreee ND 
S]2]ne BaoamMmmBanv 


SHaRraAaleeis, BA. 
MANUFACTURERS o&% LEAP SPRINGS 


Buildecs to the most discriminating 
passenger Cat and truck manufacturers 
in the United States and Fuvrope. 








UNION DRAWN STEEL COMPANY oo siizaz5fiui¥naws, 
BRIGHT FINISHED STEEL 


Cold Drawn or Turned and 
Ce ee ey Polished One Per Cent. and 


te ~ ; Three and One-Half Per 
Polished Shafting and Free : an 
” Cantal Senew Sue ZW] oS oe eo om 0 GD B11 Cent. Nickel Steels and 


, Chromium Steels 
a and , Mi ud Ps.) eDsel1d é£-3 bd @ Vanadium Steels 
0 rawn Steel Squares, - Nickel-Chromium Steels 
Flats and Hexagons hart a cS Re] Bo & Chrome-Vanadium Steels 
_ a Bright Bessemer, Open Hearth, 
Cold Drawn or Turned and an : ss ene, Alloy and Electric Steels 
Polished Pump and Piston Rods @ bom re i wate 65 dim ‘ 


Cold Drawn Special Shapes 
For Special Work in a Wide Range 


of Analyses 


Manufacturers of 


Cold Drawn and Turned and 


Cold Drawn Elevator Guides 
Cold Drawn or Turned and 
Polished Axles 





Complete Laborat and Heat 
reating Plant 


UNION DRAWN STEEL COMPANY, General Offices and Works, Beaver Falls, Pa., and Gary, Ind. 


BRANCH OFFICES: Boston, Buffalo and Cleveland. BRANCH OFFICES AND WAREHOUSES: Chicago, Cincinnati, Detroit, New York and Philadelphia 








METALLURGICALLY AND MECHANICALLY SUPERIOR 





‘hae 


“TWISTLESS FORGED” CRANK SHAFTS 


MADE BY 


CANTON DROP FORGING & MFG. COMPANY, CANTON, OHIO 
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Handy 


(;overnor 


Sectional View 
showing simple 
construction 


Thousands in use on trucks 
and tractors giving splendid 
satisfaction. 
Made in standard sizes for 
motors ranging from 100 to 
650 cu. in. 


Our engineering department 
will be glad to discuss your 
governor problem. Literature 
on request. 


Handy Governor Corporation 
3021 Wabash Ave. Detroit, Mich. 





Millions of Gallons 
of TEXACO lubricants 


are used today 


[LLIONS of gallons of Texaco LuBricANTs are used today in 


power plants, factories, mills, on railroads, in steamships, and 
in mines. 


Back of our widespread production resources, mammoth Texaco 
refineries and capable delivery service are working night and day 
to supply the oil needs of a steadily increasing number of new 
customers in all parts of the world. 


TEXACO doesn’t often lose a customer 


The suitability of Texaco Lubricants, their quality, their uniformity,—in 
barrel after barrel, month after month,—these things cannot fail to co 1 
them to all interested in securing the right oil for the right place. 

The success of Texaco Lubricants is bound up with Texaco Lubrication 
Engineering Service. This consists of giving our customers the benefit of 
the experience of our staff of highly trained lubrication specialists. As a 
matter of tact, even betore we take your order we shall be glad to have a 
Texaco Lubrication Engineer make a survey of your plant; after which he 
will indicate the right kind and the right amount of lubricant for every type 
of unit or machine—in every department. 


Texaco Lusprtcants are stocked in over 600 Texaco Warehouses in 
all parts of the country; and are ready for shipment in any quantity, 
tank car, barrel or can; by water, rail or truck with Texaco prompt- 
ness. 


If there should be no warehouse or Texaco Station in your city, write 
us here, or address our nearest district office, P 
ments will be promptly and fully cared for. 


and your ou require- 


The Texas Company 
17 Battery Place, New York City 


New York Chicago Houston 
Offices in Principal Cities 
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AUTOMOTIVE ENGINEERS 








Nowhere is durability required, more than in taxicab 
service. That is why North East is specified when 
electrical equipment is called for on YELLOW CABS. 


NoatH East Evectric Ca. 


RocHestTer 





Manufacturers of 
Starter-Generators Starting Motors 
Generators Ignition-Generators 
Ignition Sets Electric Horns 

Speedometers 


Motor and Transmission 
Department 


Experience in making our own 
L. M. F. Motors has taught us the 
necessity for unfailing accuracy 
and unquestionable quality on all 
motor and transmission parts we 
make for others. 


Foundry Quality Die 


! 
J | | 


A 


Department 


We are especially 
equipped for quality 
production in the 
casting of Aluminum, 
Manganese, Phos- 
phor Bronze, Bearing 
Metals and all Non- 


Ferrous Metals. 


Castings 


It is on the big jobs 
where we can demon- 
strate the extraordinary 
saving in die casting by 
our Automatic process. 


One manufac- 
turer alone is receiving 
250,000 pieces monthly 


from us. 


Let us estimate on your work, 


LIGHT MFG. & FOUNDRY Co. 


POTTSTOWN, PA., U. S. A. 
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SHEET METAL STAMPING 


We are building axle housings, brake drums, 
and other parts for the heaviest motor trucks ever 
built, and have ample capacity for still heavier. 


With our complete equipment we cover the entire 
sheet metal stamping line. 


We solicit your inquiries. 


THE CROSBY COMPANY 


DETROIT OFFICE: CLEVELAND OFFICE: 
914 Ferd Bldg. BUFFALO, N. Y. 415 Schofield Bldg. 
PHILADELPHIA OFFICE: 1218 Chestnut Street. 


New York Office: 30 Church Street 


AUTOMOBILE LAMPS 


We are completely equipped to 
produce motor vehicle lamps, whether 
of electric, gas or oil construction, in 
any quantity desired. We solicit the 
privilege of submitting samples and 
quoting prices. 


The Jno. W. Brown Mfg. Company 


Columbus Ohio 


Bolts—Nuts 
Rivets 
Washers 
and 
Forgings for 
Automotive 
Construction 


The Columbus Bolt Works Co. 


COLUMBUS, OHIO 








Banram, Conn, U.S.A. 
Thrust Bearing Specialists 


Bearings Made To Your Requirements 


DETROIT OFFICE: 
905 Dime Bank Bldg. 
Detroit, Mich. 


PACIFIC COAST: 
Frank M. Cobbledick Co. 
1031 Polk St., Ss. Cal. 










The World's Most Famous Pencil 


ENUS 
PENCILS 


The largest selling Quality 
pencil in the world 















First in the estimation 
of engineers because of 
the dependable smooth- 
ness, firmness and uni- 
formity of the leads. 


17 Black Degrees 3 Copying 












For bold, heavy lines... .6B-5B-4B-3B 
For writing, sketching. ..2B-B-HB-F-H 


For clean, fine lines..2H-3H-4H-5H-6H 
For delicate, thin lines..... TH-8H-9H 
Plain Ends, per doz. . $1.00 
Rubber Ends, per doz. . 1.20 


it Stationers and Stores throughout the 
. World 


American Lead Pencil Co. 
Dept. EN 
227 Fifth Ave., New York 


also London, Eng. 








MULTIBLADE FAN 








DETROIT CARRIER & MFG. CO. 
DETROIT, U. S. A. 
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Marketed as Conforming With S.A.E. Standards and Recommended 
Practices, and Products for Which There Are No S.A.E. Standards 





Absorbers, Shock 
Watson Co., John Warren 


Alloys, Alumino-Vanadium 
Vanadium Corporation of America 


Alloys, Cupro-Vanadium 
Vanadium Corporation of America 


Alloys, Ferro-Molybdenum 
Vanadium Corporation of America 


Alloys, Ferro-Tungsten 
Vanadium Corporation of America 


Alloys, Ferro-Vanadium 
Vanadium Corporation of America 
Alloys, Steel (See Steels) 
Aluminum Alloys, D104 
*Hoyt Metal vo. 
Ammeters, B12 
*Nagel BDiectric Co., W. G. 
*Sterling Mfg. Co. 
Westinghouse Blectric & Mfg. Co. 
Apparatus, Charging, Electric 
Vehicle 
Westinghouse Dlectric & Mfg. Co. 


Apparatus, Laboratory 
Olsen Testing Machine Co., Tinius 


Axles Front, Motor-Truck, 
Fib 


*Baton Axle Co. 
Sheldon Axle & Spring Co. 3 
Axles, Front, Passenger-Car 
Eaton Axle Co. 
Salisbury Axle Co. 
Axles, Rear, Motor-Truck 
Eaton Axle Co. 
Sheldon Axle & Spring Co. 


Axles, Rear, Passenger-Car 
Eaton Axle Co. 
Salisbury Axle Co. 


Axles, Trailer 
Salisbury Axle Co. 


Babbitt, D103 
*Franklin Die-Casting Corporation 
*Hoyt Metal Uo. 
*Light Mfg. & Foundry Co. 
*Muzzy-Lyon Co. 


Balls, Brass, Bronze, 
Metal, Aluminum 
Hoover Steel Ball Co. 


Balls, Hollow Bronze and 
rass 
Hoover Steel Ball Co. 
Balls, Steel 
Hoover Steel Ball 


Bars, Boring 
Williams & Co., J. H. 


Bars, Bronze 
Bunting Brass & Bronze Co. 
Mueller Metals Co, 


Batteries, Storage, B23 
*Marko Storage Battery Co. 
*Willard Storage Battery Co. 


Bearings, Babbitt and Alumi- 
num 
Bunting Brass & Bronze Co. 
Doehler Die-Casting Co. 
Franklin Die-Casting Corporation 


Bearings, Babbitt and Bronze 
Bunting Brass & Bronze Co. 
Doehler Die-Casting Co. 
Hoyt Metal Co. 
Mueller Metals Co, 
Muzzy-Lyon Co. 


Bearings. Ball, Angular Con- 
tact Type, C33 to C33e 

*Bearings Co. of America 
*Fafnir Bearing Co, 
*Gurney Ball Bearing Co. 
*New Departure Mfg. Co. 
*U. S. Ball Bearing Mfg. Co. 
*S. K. F. Industries, Inc. 





Monel 


Co. 


Bearings, Ball, Annular, Ex- 
tra Small Series, C33 
*Fafnir Bearing Co. 
*New Departure Mfg. Co. 
*S. K. F. Industries, Inc. 
*U. S. Ball Bearing Mfg. Co. 
Bearings, Ball, Annular, Ex- 
tra Large, Light and Me- 
dium Series, C27 and C29 
*Fafnir Bearing Co. 
*Gurney Ball Bearing Co, 
*S. K. F. Industries, Ine. 
*U. 8S. Ball Bearing Mfg. Co. 


Bearings, Ball, Annular, 
Light, Medium and Heavy 
Series, C26, C28 and C30 

*Fafnir Bearing Co. 

*Federal Bearings Co., Inc. 
*Gurney Ball Bearing Co. 

*New Departure Mfg. Co. 
*Norma Co, of America 

*S. K. F. Industries, Inc. 
*Standard Steel & Bearings, Inc. 
*U. 8S. Ball Bearing Mfg. Co. 

Bearings, Ball, Annular, Sep- 

arable (Open) Type, C3 
*Fafnir Bearing Co. 
*New Departure Mfg. Co. 
*Norma Co, of America 
*sS. K. F. Industries, Inc. 

Bearings, Ball, Annular, Wide 

Type, C31 
*Brown-Lipe Gear Co. 
*Fafnir Bearing Co. 

*New Departure Mfg. Co. 

*S. K. F. Industries, Inc. 

*Standard Steel & Bearings, 

*U. S. Ball Bearing Mfg. Co. 
Bearings, Bronze 

Hoyt Metal Co. 

Mueller Metal Co. 

Muzzy-Lyon Co. 

Bearings, Thrust, Ball, Clutch 

Release Type, C39 
*Bantam Ball Bearing Co. 
*Bearings Co. of America 
*Fafnir Bearing Co. 

*Norma Co. of America 
*Standard Steel & Bearings Co. 
*U. S. Ball Bearing Mfg. Co. 


Bearings, Ball, Thrust, Single- 
Direction, Fiat-Face 
Type, C35 and C36 

*Bantam Ball Bearing Co. 
*Bearings Co. of America 
*Fafnir Bearing Co. 

*Norma Co. of America 

*U. S. Ball Bearing Mfg. Co. 

Bearings, Ball, Thrust, Single- 
Direction, Self - Aligning 
Type, C37 and C38 

*Bantam Ball Bearing Co. 
*Bearings Co. of America 
*Fafnir Bearing Co. 

*Norma Co. of America 

*U. S. Ball Bearing Mfg. Co. 

Bearings, Ball, Thrust, Steer- 

ing Knuckle Type, C34 
*Bantam Ball Bearing Co. 
*Bearings Co. of America 
*Fafnir Bearing Co. 
*Norma Co. of America 
*U. S. Ball Bearing Mfg. Co. 


Bearings, Roller, Inch-Type 
Timken Roller Bearing Co. 
Bearings, Roller, Metric-Type, 
C43 and C44 
*Bock Bearing Co. 
Bower Roller Bearing Co. 
*Norma Co, of America 
Blanks, Gear 
Canton Drop Forging & Mfg. Oo. 
Central Steel Co. 
Link-Belt Co. 
Park Drop Forge Co. 
Standard Gauge Steel Co. 
Union Switch & Signal Oo. 


Ine. 









Brass, 


Breakers, 





Boards, Floor and Toe 


Parish Mfg. Corporation 


Bodies, Passenger Car 


Baker R & L Co. 


Bodies, Motor Truck Dump 


Mansfield Stee] Corporation 


Boilers, Steam, Automotive 
Stumpf Una-Flow Engine Co., Inc. 


Bolts, Carriage 


Columbus Bolt Works Co. 


Bolts, Eye 


Williams & Co., J. H. 


Bolts, Fender 


Columbus Bolt Works Co. 


Bolts, Spring Shackle 


Bowen Products Corporation 


Bolts, Step 


Columbus Bolt Works Co. 


Brackets, Fender 


Parish Mfg. Corporation 
Smith Corporation, A. O. 
Brackets, Lamp 
Brewer-Titchener Corporation 
Brackets, License-Plate 
Brewer-Titchener Corporation 


Brackets, Running- 


Board, H23 
Crosby Co. 
Parish Mfg. Corporation 
Smith Corporation, A. O. 


Brake-Drums 


Crosby Co. 
Parish Mfg. Corporation 
Smith Corporation, A. O. 
Laminated 

Laminated Shim Co., 


Circuit 
Dayton Dngineering Laboratories Co. 


Broaches, 4-Spline, C16 
*Lapointe Co., J. N. 

Broaches, 6-Spline, C18 
*Lapointe Co., J. N. 


Broaches, 10-Spline, C20 
*Lapointe Co., J. N. 

Broaches, 16-Spline, 
*Lapointe Co., J. N. 

Broaches, Keyway 
Lapointe Co., J. N. 


Bronze Alloys, D108 
*Hoyt Metal Co. 
Bulbs, Incandescent Lamp. B3 
Westinghouse Electric & Mfg. Co. 
Bumpers, Motor Truck 
Mansfield Steel Corporation 
Bumpers, Spring 
Thermoid Rubber Co. 


Bashings, Babbitt 
Muzzy-Lyon Co. 

Bushings, Bronze 
Bunting Brass & Bronze Co. 
Hoyt Metal Co. 
Mueller Metals Ce, 
Muzzy-Lyon Co. 


Buttons, Electric Push 
General Phonograph Mfg. Co. 


Cable, Insulated, B33 
Kerite Insulated Wire & Cable Co 
*Packard Electric Co. 


Camshafts 
Canton Drop Forging & Mfg. Oo. 
Jackson Motor Shaft Co. 
Muskegon Motor Specialties Co 
Park Drop Forge Co. 
Wyman-Gordon Co. 


Caps, Hub 
Crosby Co. 


lne. 


c22 


Caps, Radiator Tank, 
C58a 


*American Insulator Corporation 


Carbureters, Cast Iron, AS 
*Byrne, Kingston & Co. 
*OCarter Carburetor Corporation 
Zenith Carburetor Oo. 


Carbureters, Motorcycle 
Carter Carburetor Corporation 
Zenith Carburetor Co. 

Carbureters, AS 
*Byrne, Kingston & Co. 

*Carter Carburetor Corporation 
Zenith Carburetor Oo. 

Cast Brass Alloys, D10¢6 
*Hoyt Metal Co. 

Castings, Aluminum ** 
*Doehler Die-Casting Co. 

*Franklin Die-Casting Corporation 
Hoyt Metal Co, 
*Light Mfg. & Foundry Co. 

Castings, Brass** 

*Doehler Die-Casting Co. 
*Franklin Die-Casting Corporation 
*Light Mfg. & Foundry Co. 
Mueller Metals Co, 

*Scovill Mfg. Co 

Castings, Bronze** 

*Doehler Die-Casting Co. 
*Franklin Die-Casting Corporation 
Hoyt Metal Co. 

*Light Mfg. & Foundry Co. 
Mueller Metals Co. 

Castings, Die** 

Doehler Die-Casting Co. 
*Franklin Die-Casting Corporation 
Hoyt Metal Co, 

*Light Mfg. & Foundry Co. 
Mueller Metals Co. 

Saal Co., H. G. 

Castings, Grey Iron 
Link-Belt Co, 

Castings, Malleable Iron, D9 
*Eberhard Mfg. Co. 

*Frazer & Jones Co. 
*Link-Belt Co. 

Castings, Steel, D7 
Link-Belt Co. 

Chains, Block 
Link-Belt Co. 
Morse Chain Co. 
Whitney Mfg. Co. 

Chains, Roller, 
*Link-Belt Co. 
*Whitney Mfg. Co. 

Chains, Silent, E2 
*Link-Belt Co, 

*Morse Chain Co. 
Whitney Mfg. Co. 

Chains. Tire. Motor-Truck 
Arrow Grip Mfg. Co., Ine. 

Channels, Window Glass 

Dahlstrom Metallic Door Co. 

Clamps. Hose, C51 
Schrader’s Son, Inc., A. 

Clamps, Machinists’ 

Fherhard Mfg. Co. 
Williams, J. H., & Oo. 

Cleaners, Windshield 
Folberth Anto Specialty Co. 

Clips, Spring, H3 
Columbus Bolt Works Co. 

Clutches, Engine ** 
*Brown-Lipe Gear Co. 

Clutches, Power Transmission 
Link-Belt Co. 

Coils, Electrical Equipment 
Acme Wire (o. 

Dayton Engineering Laboratories Co. 

Conduit, Flexible, C52 
*Titeflex Metal Hose Corporation 

Condensation Products 
Bakelite Corporation 
Condensite Co. of America 
General Bakelite Co. 
Redmanol Chemical 
Saal Co., H. G. 

(Continued on page 90) 
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EXPLANATION OF SYMBOLS 


Parts and materials followed by key numbers have been standardized by the S. A. E. 





BOOK data sheets on which each standard is published. 


*Companies whose names are preceded by an asterisk supply the parts or materials under which 





conforming with the S. A. E. Standard referred to. 


**Parts and Materials followed by two asterisks indicate that two or more S. A. E. Standards are applicable. 





as to standards incorporated should be obtained from the manufacturer. 
The addresses of companies listed in this index can be obtained from their current advertisements indexed on page 94. 
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The numbers refer to S. A. 


E. HAND 
the company is listed as 


Information 


December, 1922 





a 
Z 
= 





‘nnnnniit 


(| 


THE JOURNAL OF THE SOCIETY OF AUTOMOTIVE 





1 


wil 


. 


The Quest for Standard Bushings 
Like a Search for Hidden Jewels 


Generations of designers studied 
over countless blue prints 
hemists and metallurgists toiled 
amid the flames and gases in 
their laboratories — machinery 
builders experimented and re- 
experimented, until out of pa- 
tient effort and the slow proc- 
esses of time came Bunting 
standard bushings and the com- 
bination of metals which makes 
Bunting Phosphor Bronze the 
standard alloy. 


Bunting went back over records 
reaching into the dawn of the 
mechanical age to get the spe- 
cialized knowledge reflected to- 
day in Bunting’s big list of 
“Ready Made” bushings. The 
sizes and kinds that recur most 
often in machine and motor 
manufacture were selected from 
the sales records of the Bunting 
Brass & Bronze Company which 
for years has served the ma- 
chine builders of America. 


Then the great Bunting factory 
was put into volume production 
on these bushings Today the 
manufacturer, jobber and_ re- 
pairman can find a Bunting 
bushing completely finished, 


ready for assembly, waiting in 
stock for his requisition. 


Designers and manufacturers 
are cutting production cost and 
facilitating future service by 
specifying 3unting “‘‘Ready 
Made’’ bushings. Auto parts job- 
bers and repairmen are selling 
Bunting Standard bushings for 
replacement Accurately made, 
ready for assembly, of known 
dependable quality, always 
ready to ship, Bunting Standard 
bushings save time and money 
for everybody, and conserve the 
productive efficiency of men and 
machinery. 


Designers, manufacturers and 
machine shop men will be inter- 
ested in the 150 different sizes 
of completely finished Bunting 
bushings always in stock ready 
for shipment—write for stock 
list L. 


Automobile and motor manufac- 
turers, auto parts jobbers, ga- 
rage and service shopmen should 
be familiar with Bunting’s list 
of ‘“‘Ready Made’ Piston Pin 
bushings—write for it. Ask for 
Stock List 17. 





THE BUNTING BRASS & BRONZE CO. 


760 Spencer St., Toledo, Ohio 


NEW YORK CITY- 
CLEVELAND 


BOSTON 


CHICAGO—722 


Main 5991 
36 Oliver St. 
Main 
SAN FRANCISCO 198 Second St. Cor 
Douglas 6245 


So. Michigan Ave 
Wabash 9153 


A 


SY INVITATION 
Grand Central Palace MENSER OF 


Vanderbilt 7300 


1362 E. 6th St 


R488 


Howard 


mew YORK. USA 
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For Machine Tools 
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In 


the Factory 





Jobbers Carry Them 
for Servicemen 
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Connecting-Rods 
Standard Gauge Steel Co. 
Cennections, 'lire-Pump 
Schrader’s Son, Inc., A. 

Controls** 
*Brown-Lipe Gear Co. 


Cooling Systems** 
*G & O Mfg. Co. 
*Long Mfg. Co. 
*National Can Co. 
Couplings, Flexible 
Thermoid Rubber Co. 
Cranes, Portable Electric 
Link-Belt Co. 


Crankshafts 
Canton Drop Forging & Mfg. Oo, 
Jackson Motor Shaft Co. 
Moltrup Steel Products Co. 
Park Drop Forge Co. 
Standard Gauge Steel Co. 
Union Switch & Signal Co. 
Vibration Specialty Co. 
Wyman-Gordon Co. 


Cups, Oil and Grease, C57 
*Bowen Products Corporation 


Cutters, Milling 
Haynes Stellite Co. 


Cutters, Woodruff 
Whitney Mfg. Co. 

Dampers, Vibration 
Vibration Specialty Co. 


Dashes 
Parish Mfg. Corporation 


Dogs, Lathe 
Williams & Co., J. H, 


Deor-Caps 
Dahlstrom Metallic Door Co. 


Drive, Starting-Motor 
Eclipse Machine Co. 
Drop-Forgings 
Brewer-Titchener Corporation 
Canton Drop Forging & Mfg, Co. 
Ohampion Machine & Forging Co. 
Columbus Bolt Works Co. 
Park Drop Forge Co. 
Sheldon Axle & Spring Co. 
Spicer Mfg. Corporation 
Union Switch & Signal Co. 
Universal Machine Co. 
Williams & Co., J. H. 
Wyman-Gordon Co. 


Ends, Tank-Strap 
Brewer-Titchener Corporation 


Engines, Diesel 
Climax Engineering Co. 


Engines, Motorboat** 
*Climax Engineering Co. 


Engines, Motor Truck** 
*Climax Bngineering Co. 
*Continental Motors Corporation 
*light Mfg. & Foundry Co. 
*Waukesha Motor Co. 

Engines, Passenger Car** 
*Continental Motors Corporation 
*Light Mfg. & Foundry Co, 

Engines, Steam, Automotive 
Climax Engineering Co. 

Stumpf Una-Flow Engine Co., Ine. 

Engines, Tractor** 

*Climax Engineering Co, 
*Continental Motors Corporation 
*Light Mfg. & Foundry Co. 
*Waukesha Motor Co, 

Facings, Cluteh, E19 
Johns-Manville, Inc. 

Thermoid Rubber Co. 

Fans 
Service Products Corporation 

Fans, Radiator, Al4a 
*Detroit Carrier & Mfg, Co. 

Fasteners, Hood 
Eberhard Mfg. Co. 

Felloe - Bands, Motor - Truck, 

Pneumatic Tire, 
*Motor Wheel Corporation 

Felt 
American Felt Co, 

Fender, Irons 

Brewer-Titchener Corporation 

Fenders 
Parish Mfg. Corporation 

Fibre, Vulcanized 
American Vulcanized Fibre Co. 

Flanges, Hub, Fib 
Crosby Co. 

Smith Corporation, A. O. 

Floors, Metal 
Dahistrom Metallic Door Ce. 

Followers, Cam 

ileox Motor Parts & Mfg. Co. 

Forgings, Brass 
Mueller Metals Co 
Scovill Mfg. Co. 


Forgings, Drop (See Drop- 
Forgings) 

Forgings, Nickel, Silver and 
Bronze 


Mueller Metals Co. 


Frames, Pressed Steel 
Parish Mfg. Corporation 
Smith Corporation, A. O. 


Frames. Ratled Section 
Mansfield Steel Corporation 


Fuses, Electric, B32 
*Johns-Manville, Inc, 


Gages, Gasoline 
Nagel Electric Co., W. G. 


Gages, Oil, B12 
*Nagel Electric Co., W. G. 


Gages, Plain 
Saal Co., H. G. 


Gages, Tire Pressure 
Schrader’s Son, Inc., A. 


Gasoline 
Texas Co. 


Gears, Bevel 
Link-Relt Co. 
Van Dorn & Dutton Co. 


Gears, Reduction 
Van Dorn & Dutton Co. 
Waukesha Motor Co. 


Gears, Spur 
T.ink-Relt Co. 
Van Dorn & Dutton Co. 


Gears, Transmission 
Canton Drop Forging & Mfg. Co, 
Tink-Belt Co, 
Van Dorn & Dutton Co. 
Wyman-Gordon Co. 

Gears. Worm 
Tink-Belt Co. 
Van Dorn & Dutton Co. 


Generators, Battery Charging 
(Electric Vehicle) 
Westinghouse Electric & Mfg. Co. 


Generators (Bracket Mount- 
ing, B18) 
*Atwater Kent Mfg. Co. 
*Dayton Engineering Laboratories Co. 
*Electric Auto-Lite Co. 

*North East Electric Co. 
Westinghouse Bilectric & Mfe. Co. 
Generators (Flange Mount- 

ing, B17) 

*Atwater Kent Mfg. o. 

*Dayton Engineering Laboratories Co. 

*Electric Auto-Lite Co. 

*North East Electric Co. 

Westinghouse Electric & Mfg. Co. 
Gigs 

Saal Co., H. G. 
Glass, Windshield 

Ainsworth Mfg. Co 
Glasses, Lamp. B6 

Shaler Co., C. A. 

*Smith Glass Co., L. E. 
Governors 

Handy Governor Corporation 
Graphite 

Dixon Crucible Co., Jos. 
Greases, Cup and Gear 

Dixon Crucible Co., Jos. 

Texas Co. 
Guards, Radiator 

Mansfield Steel Corporation 
Handles, Control-Lever Ball, 


*American Insulator Corporation. 


Handles, Door 
Briggs & Stratton Co 
Handles, Machine-Tool 
Williams & Co., J. H. 
Hardware, Body 
Brewer-Titchener Corporation 


Head-lamps BI! 

*Corcoran Lamp Co., Thos. J. 
Heaters, Passenger-Car Body 

Perfection Heater & Mfg. Co. 
Hinges, Door 

Eberhard Mfg. Co. 
Hinges, Windshield 

Eberhard Mfg. Co. 
Hitches, Trailer, K42 

*Mansfield Steel Corporation 
Hoists, Power and Hand 

Mansfield Steel Corporation 
Holders, Tool 

Williams & Co., J. H. 
Hooks, Towing 

Mansfield Steel Corporation 
Horns, Motor-Driven 

North East Plectrie Co. 
Hose, Gasoline 

Thermoid Rubber Co. 
Hose, Radiator, C51 

*Thermoid Rubber Co. 
Housings, Axle 

Crosby Co. 

Dixon Crucible Co., Jos. 

Parish Mfg. Corporation 

Smith Corporation, A. O. 
Hubs, Wheel 

Salisbury Axle Co. 

Smith Corporation, A. O. 





ignition-Generators 
North Bast Electric Co. 


Instruments, Vibration, Indi- 
cating and Recording 
Vibration Specialty Co. 
Insulation, Electric 
Bakelite Corporation 
Condensite Co. of America 
General Bakelite Co. 
Redmonal Chemical 
Insulation, Molded 
Bakelite Corporation 
Condensite Co. of America 
General Bakelite Co. 
Redmanol Chemical Products Co. 
Irons, Body 
Columbus Bolt Works Co. 


Jacks, Wheel 
Arrow Grip Mfg. Co., Inc. 


Jars, Storage Battery, B39 
*Marko Storage Battery Co. 
Keys, Machine 
Moltrup Steel Products Co. 
Keys, Spring 
Williams & Co., J, H. 
Keys, Woodruff 
Moltrup Steel Products Co. 
Standard Gauge Steel Co. 
Whitney Mfg. Co. 
Lenses (See Glasses, Lamp) 
Lining, Brake, C55 
*Johns-Manville, Inc. 
*Thermoid Rubber Co. 
Lubricants 
Dixon Crucible Co., Jos. 
Texas Co. 
Lubricating Systems 
Bassick Mfg. Co. 
Bowen Products Corporation 
Saal Co., H. G. 
Machines, Balancing 
Olsen Testing Machine Co., Tinius 
Vibration Specialty Co. 
Machines, Bolt Threading 
Universal Machine Co. 
Machines, Broach Grinding 
Lapointe Co., J. N 
Machines, Broaching 
Lapointe Co., J. N 
Machines, Keyseating 
Lapointe Co., J. N. 
Machines, Power 
sion 
Link-Belt Co. 
Machines, Testing 
Olsen Testing Machine Co., Tintus 
Magnetos, B14 
*Bosch Magneto Co., Inc., Robert 
*Scintilla Magneto Co., Inc. 
*Teagle Co. 


Products Co. 


Transmis- 


Carr Co., F. 8. 
Material, Top and Curtain 
Carr Co., F. 8S. 
Moldings, Cold-Drawn Steel 
Dahlistrom Metallic Door Co. 
Molybdenum, Metallic 
Vanadium Corporation of America 
Motors, Electric Vehicle 
Westinghouse Electric & Mfg. Co. 
Motors (See Engines) 
Motors, Starting (See Starting 
Motors) 
Nails 
Interstate Iron & Steel Co. 
Nuts 
Columbus Bolt Works Co. 
Nuts, Thumb 
Williams & Co., J. H. 
Odometers, Hub, F2 
*Johns-Manville, Inc. 
Oils (See Lubricants) 
Packing, Asbestos and 
Fibrous 
Johns-Manville, Ine. 
Paints 
Dixon Crucible Co., Jos. 
Panels, Instrument 
Dahlstrom Metallic Door Co. 
Parts, Pressed Steel 
Stamping») 
Parts, Screw Machine 
Saal Co., H. G. 
Patterns, Wood and Metal 
Standard Pattern Works of Detroit 
Ine, 
Pencils, Drawing 
American Lead Pencil Co. 
» Dixon Crucible Co., Toe 
Pinions, Starting Motor, 
*Plectric Auto-Lite Co. 
Pins. Cotter, C7 
*Williame & Co., J. H. 
Pins, Piston 
Universal Machine Co. 
Wileox Motor Parts & Mfg. Co. 
Pins, Rod-End, C10 
*Columbus Bolt Works Co. 
Pipe Fittings, Compression 


(See 


B18 


ype 
Mueller Metals Co. 
Ohio Metal Products Co. 
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) Pipe Fittings, Flared-Tube 


Type, C46 
Mueller Metals Co, 
Piston-Rings, A6 
*General Piston Ring Co. 
Piston Ring Co. 
Wilcox Motor Parts & Mfg. Co. 
Plates, Flattened, Ground and 
Polished 
Moltrup Steel Products Co. 
Powerplants, Industrial 
Waukesha Motor Co, 
Power Take-Offs, El 
Brown-Lipe Gear Co, 
Products, Screw-Machine 


Link-Belt Co. 

Mueller Metals Co, 

Uhivo Metal Products Co. 

Rich Tool Co, 

Scovill Mfg. Co, 

Spicer Mfg. Corporation 

Standard Gauge Steel Co. 
Propeller-Shafts 

Salisbury Axle Co. 

Spicer Mfg. Corporation 
Push-Rods 

Wilcox Motor Parts & Mfg. Co. 
Racks, Machine 

Moltrup Steel Products Co. 
Radiators** 

*G & O Mfg. Co. 

*Long Mfg. Co. 

*National Can Co. 


Rectifiers, Battery Charging 
Westinghouse Blectric & Mfg. Co. 


Relays, Cut-Out 
North East Electric Co. 
Retainers, Ball 
Bearings Co. of America 
Ribbons, Fender 
Dahistrom Metallic Door Co. 
Rims, Pneumatic Tire, Gl 
and G2 
*Motor Wheel Corporation 
Rivets, Brass and Copper 
Scovill Mfg. Uo. 
Rivets, Steel 
Columbus Bolt Works Co, 
Interstate iron & Steel Lv, 
Rod-Ends, US 
*isrewer-iitcheuer Corporation 
*Columbus Bolt Works Co. 
*huerbard Mig, Co. 
Rods, Brass, D114, 
wi2z4 
*Columbus Bolt Works Co, 
*Mueller Metals Co. 
*Scovill Mfg. Co. 
Rods, Bronze and Copper 
Mueller Metais Co, 
Rods, Door Curtain 
Brewer-Titchener Corporation 
Rods, Fibre 
American Vulcanized Fibre Co, 
Roller Beurings (See 
ings, Rolier) 


Running-Boards 

Parish Mfg. Corporation 

Smith Corporation, A, O. 
Screws, Cap, Cl 

*Scovill Mfg. Co. 
Screws, Thumb 

Williams & Co., J. H. 
Shaft-EK nds, C14 

*Brown-Lipe Gear Co. 
Shafting 

Moltrup Steel Products Co. 
Shafts, Rear Axle 

Salisbury Axle Co. 
Shapes (Extruded) Brass, 

Bronze and Copper 

Mueiler Metals Co, 
Sheets, Brass, Dill 

*Scovill Mfg. Co. 
Sheets, Fibre 

American Vulcanized Fibre Co. 
Shims, Laminated 

Laminated Shim Co., Inc. 
Sills, Body 

Smith Corporation, A. O. 
Sockets, Bow 

Rrewer-Titchener Corporation 
Solder, D101 

Hoyt Metal Co. 


Spokes, Wood, Motor Truck, 
Fi 


D115 and 


Bear- 


*Motor Wheel Corporation 
Spokes, Wood, Passenger Car 
Fla 
*Motor Wheel Corporation 
Springs, Coiled 
Gibson Co., Wm. D. 
Springs, Flat 
Gibson Co., Wm. D. 


(Continued on page 92) 
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REST-O-PLATES 

are an outstanding 
feature of Prest-O- Lite 
Batteries. The life of a 
battery is in its plates. 
Prest-O-Plates, designed, 
perfected and made only 
for the Prest-O-Lite Bat- 
tery, add to its life and 
service. 


When you want the longest- 
lived, liveliest battery, one that 


SOCIETY OF AUTOMOTIVE ENGINEERS 


distinguishes itself by its thor- 
ough dependability in the hot- 
test and coldest weather, 
choose Prest-O-Lite. You will 
have a battery that will give 
the utmost in wear and service. 


We are glad to go into full 
details and give full particu- 
lars to any automotive engi- 
neer or automobile executive. 
An investigation will convince 
you that Prest-O-Lite is the 
best all-around, all-weather 
battery. 


THE PREST-O-LITE COMPANY, Inc. 


Pacific Coast Office and Factory: 
599 Eighth St., San Francisco 


Oldest 


eee 





BATTERY | 

SERVICE | 
PULL UP 
YOU SEE THIS SIGN 


P WHERE 





Main Office and Factory, Indianapolis 
New York Office: 30 East 42nd Street 


service to moto 


Of Canada, Ltd., Toronto 


ists 





Sha 





In Canada: Prest-O-LiteCompany . 
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Springs, Motor Truck, H9 Steel, Chromium - Vanadium, ) Terminals, G ; 7 
*Perfection Spring Co. ; D6 *| apaetade taeda Cena” | hs = i 
Sheldon Axle & Spri Co. *Central Steel Co. as aes ium Corporation of America 
ng ri D ‘ 
eStandard Steel Spring Co. *Interstate Iron & Steel Co. | es istributors, B13 Universal-Joints, EG 
Springs Passenger-Car, HS _*United Alloy Steel Corporation | *Da rte ms Co. * “Spicer Mfg. Corporation 
*Perfection Spring Co. Steel, Leaf-Spring, D77 i oan _ ngineering Laboratories Co. She Thermoid Rubber Co. 
Sheldon Axle & Spring Co. Sateuatnts Yoon & Geeeh Cp. an ec yey me | Universal Machine Co. 
*Standard Steel Spring Co. | Steel, Molybdenum ———— - | Valve-Lifters 
Springs, Tractor | __ Interstate Iron & Steel Co. Detroit Carrier & Mfg. Co Rich Tool Co, 
sproctets: HollersOnatm, wa | sora St Op Oe be 
rockets, Roller-Chain, E4 Steel Co. De farrier & : Service Products Corporatio 
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Whitney Mfg. Co *Central Steel Co . Tivos. Tuemuntie, Ci Wilcox ped ge BS 
Stabilizers ; f | *Interstate Iron & Steel Co. a 1 — ager Co., B. F. r og mote Entts & Mig. Co. 
Watson Co., John Warren | *Union Drawn Steel Co. eee ee a A gy ~ lcs Vatvea, Tire 
Stampings | aaa Alloy Steel Corporation opens te oe Co. Vestn,” ine. A. 
s | Ste : : . aa . . + Co 
Brewer-Titchener Corporation 7 aan Sine Teeeanese, D6 Tires, Solid, G11 Service Giatelts Cospesktion 
. ‘ . elly-Springfield Ti 
py Wheel Corporation *Interstate Iron & Steel Co. Teale vice gia ’ ‘teres 9 
Parish Mfg Corporation | ste _— Alloy Steel Corporation Haynes Stellite Co. Voltmeters. Biz —_— 
hey om a gree Steel, Screw Stock, D4 Saal Co., H. G. *Sterling Mfg. © 
Spicer Mfg. Corporation bt A , i, ene Ob. | rT > io & Co.. J. H. Westinghouse: Blectric & Mfg. Co. 
Starter-Generators _ Union Drawn Steel Co, , 3. *... ae Vaseeeeeee,, Save 
D yton Bagincering Laboratories Co. | Steel, Tungsten, D6 Torque-Arms : Wanshere 3 C. A. 
: ort st Electric Co. *United Alloy Steel Corporation j i ashers, Fibre 
Starting, Automatic Meshing | steering Gears (Standard FI ig, oo wa po | American Vulcanized Fibre Co. 
bk 4 . » Indus 7 ‘5 
nde tetize Os Seer Wheel Hub), 34 Bar Rel on | Weleees, Gere sen 0 
" | _ *Ross Gear & Tool Co. Transmissions ** Wash — 
St as ting-Motors (Flange | Superheat System, Gasoline *Brown-Lipe Gear Co. *Ool oan 1 york 
4 ounting), B19 Deppé Motors Corporation *Durston Gear Corporation w saan Se, Sete Oe. 
cAtwater Kent Mfg. Co. | Switches, Combination *Light Mfg. & Foundry Co. het ~~ ~ > “eee 
eBlectric Ato Lite Co. ratories Co.| Dayton Engineering Laboratories Co.| Trucks, Industrial wheetn. cou a Steel Dise 
*North Rast Electric Co | Switches, Lighting Baker R & L Co. ' Motor ‘Wheel One Base ot Disc 
Westinghouse Bhectric A Mtg. Co | Westinghouse Electric & Mfg. Co. Tubing, Brass, D116 | Wheels, Wood . 
Seubhinatiteieds (stecve | Switches, Starting *Mueller Metals Co. | Meter Wheel Corporation 
Mounting), B20 nti ———— Co. - i ee Mfg. Co. Muncie Wheel Co 
- " Slectric Auto-Lite Co. ua ng (Tapered). Brass | wiek . , 
sieeten Minainamtan, Labora tecics. Os North East Bilectrie Co. Tubing, Copper, D117 bal A 
*Blectric Auto-Lite Co ‘ | Westinghouse Electric & Mfg. Co. *Mueller Metals Co. . “sal ig . 
North Bast Electric Co | Systems, Lubrication (See *Scovill Mfg. Co. Windshields 
Westinghouse Electric & Mfg. Co. |, Lubricating Systems) Tubing, Fibre lw wer oaraeny Suctain 
Steel, Carbon, D4 | Tachometers (with Standard American Vulcanized Fibre Co. bade add | Suseese 
*Interstate Iron & Stee! Co. ' « Drive), C75 Tubing, Flexible Metal, C52 Rete k mae Copenew 
Standard Gauge Steel Co. Johns-Manville, Inc, Titeflex Metal Hose Corporation Wire (See Cable, Insulated) 
*Union Drawn Steel Co. Tacks Tubing, Rubber | Wire, Magnet 
*United Alloy Steel Corporation | Interstate Iron & Steel Co. Thermoid bber Co | Acme Wire Co. 
G I _ Ru . 
Steel, Chromium, D6 | Tape, Insulated | Tubing, Steel, D75 Wire Products 
*Central Steel Co. } Johns-Manville, Inc. | *Smith Corporation, A. O. Interstate Iron & Steel Co. 
*Interstate Iron & Steel Co. | bah : : | Tubing, Windshield Wrenches 
*United Alloy Steel Corporation Vilcox Motor Parts & Mfg. Co. | Dahlstrom Metallic Door Co. | Williams & Co., J. H. 
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Foundations for better motor cars. 


The exceptional roadability and endurance of the modern motor 
car must be attributed in a great measure to the development of the 
pressed steel frame. Foremost among the pioneers in this advance 
has been the A. O. Smith Corporation, best equipped automobile 
frame plant in the world. 


Quantity Producers of Pressed Steel Products: 


Rear Axle Housing Assemblies. Body Sills. 
Torque Arms and Tubes. Brake Drums. 
Wheel Hubs and Flanges. Fender Brackets. 
Running Boards and Hangers. 


A. O. SMITH CORPORATION 


Milwaukee, Wisconsin 
Detroit Office 708 Ford Bldg. 
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J T would be unnatural if we 
were not highly gratified 
because the motor cars enjoy- 
ing the largest percentage of 
increase in sales during the 
first eight months of 1922 were 
Auto-Lite equipped. 





AL | 
lari i a : ca , 
sy EMG | lhat significant record fur- 
SIG] | nishes irrefutable proof of 
| Auto-Lite excellence, and we 
A, | 


ifhces and 


TOLEDO, 


THE SOCIETY 





Starting, Ligh ting 


would be untrue to the ideal 


OF AUTOMOTIVE ENGINEERS 


ak nen a 


that made Auto-Lite quality 
possible if we did not feel the 
responsibility of this accept- 


ance. As never before our 
vast facilities, resources and 


long experience are being con- 
centrated upon the enjoyable 
task of maintaining and if 
possible excelling our record. 


| THE ELECTRIC AUTO-LITE COMPANY 


Works 
OHIO 3 


Detroit Sales Offic« 


19 KRESGE BLDG 
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A dramatic incident in 
the life of Josiah Wedg- 
; C wood was his presentation 
| ° . " i ar is Wee , a ) to Queen Charlotte of a ta- 
) ) Xa f , i= ~ St a ble service, called by him 
) a = % re “Queen's Ware.” It has 
, e —\ Z ‘ been said of Wedgwood 
” ; ‘ : . - that the whole subsequent 
course of pottery manufac- 
ture was influenced by the 
beauty and accuracy of his 
workmanship. His was 
the matchless skill that 
commands the admiration 
and spurs the ambitions of 
every artist and artisan. 


eMatchless Skill 


yy ORTUNATE forman’sprogressisthe match- _ Firestone has come to stand for the highest accomplish- 
¥ less skill with which a few individuals are en- |ment—to set a new standard in the important industry 
dowed. For inthesetoorare instances arethe of tire building. 
worthiest standards of art and work established. 





4G, 






IO NN a] Vie 
—S 
L. 


It commands respect and has won to enduring fame 
Josiah Wedgwood was, beyond dispute, the because it, too, represents matchless skill in the coor- 
master potter of the ages. Yet his genius was not dinated effort of thousands of expert workers. 

° content with self-achievement. His splendid works, 
built at Hanley, England, in 1769, enabled other fully demonstrated the superiority of Firestone work- 
craftsmen to flourish under his guidance. And the manship and the special manufacturing methods em- 
beauty and value of Wedgwood wares were brought ployed. Since first the world came to judge them 
" to the whole world. twenty-two years ago they have consistently fulfilled 
7 In another time and in another field, the name __ the highest pledge of tire-worth— 


f Most Miles per Dollar 


: Firestone 


Firestone Tires, in the mileage they deliver, have 
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THE QUIET-RUNNING FRONT END DRIVE 


OISY front end drives will not be tolerated on successful motor cars of the 
future. The car owner of today demands a quiet running engine—and he is 
going to be even more critical of noise caused by helical and spur gears. 
Noise is unnecessary in the motor front end, 
because— 


Link-Belt Silent Chain makes possible a quiet- 
running front end drive. 


It does even more. It has:— 

Simplified assembling the front end drive by 
eliminating the “running-in” of gears (a saving 
of time and money at the factory and at the serv- 
ice station) :— 


Provided an automatic chain tightener which 


keeps just the right operating tension on the 
chain at all times :— 

Supplied both car builder and car owner with a 
fool-proof combination of silent chain drive and 
automatic adjustment which guarantees the con- 
tinued quiet-running of the front end—the most 
advanced step since the invention of the electric 
starter. 

Learn more about the Link-Belt Silent Chain 
Drive and Automatic Tightener. Link-Belt 
Engineers are at your service. 


LiINK-BELT COMPANY, INDIANAPOLIS 


LINK-BELT 


SILENT CHAIN FRONT END DRIVES 


















- OLSEN—CARWEN 
Static-Dynamic Balancing Machines 


Eliminate 
Vibration 
Secure Perfect 
Balance with 
Speed and 


Economy 




















The last word in balancing is expressed in the Olsen-Carwen as it is the precision machine 
for balancing all rotating parts with the greatest of accuracy and reliability and at the same 
time on a production basis; the cost of balancing, once you have an Olsen-Carwen is only a 
few cents per part on a production basis, so the actual cost of ee per pete is oe. af 
gible, while the value received from such a correct balance can hardly be 

entire success of your motor or car is dependent on it and thus the good will = ey user at 


“KNOWLEDGE IS POWER” 


Olsen Testing Machines 


Ductility or Sheet Metal Testing Machines 
Torsion Testing Machines 

Brinell Hardness Testing Machines 
Impact Testing Machines 

Alternate Stress Testing Machines 

Spring Testing Machines 

Oil, Grease and Bearing Metal Testing Machines 
Strain Gauges . 

Extensometers 

ium: Nis idem ol ak Bite, Bie, Baty Oy 

graphic Universal Testing Machine. 


es 
. at altrae's 
é oe 





SOLE MANUFACTURERS 


TINIUS OLSEN TESTING MACHINE COMPANY 
500 N. 12th Street, Philadelphia, Penna. 


Foreign Representatives :— 


Messrs. Ed. G. Herbert, Manchester, England, Messrs. Andrews & George Co., Tokyo, Japan. 
Messrs. R. S. Stokvis, Paris, France; Rotterdam, Holland; Brussels and oe 








